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More than 60 important research projects are 

underway to convert chemical energy directly into electricity 
for a host of commercial and military applications. 

by Dr. Egon A. De Zubay, project director, fuels research, 
Atlantic Research Corp., and Dr. Eugene B. Shultz Jr., 
manager of energy conversion, Inst. of Gas Technology 
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The only static means of pumping heat, 

thermoelectricity is being used to cool electronic components, 
submarines, and the beer in your pleasure boat. 

by Dr. W. B. Green, section manager, 

Semiconductor Dept., Westinghouse Electric Corp. 
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Thermionic devices, in which electrons are emitted 

into a vacuum rather than a solid, will be used wherever lack 
of weight, noise, and maintenance are important. 

by Dr. John A. Welsh, president, Flow Laboratories Inc., 
and the late Dr. Joseph Kaye, president, Joseph Kaye & Co. 
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Directly converted solar power is the only practical 
source of energy for long-flight space vehicles. 

by Henry Oman, research specialist, 

Aero-Space Div., The Boeing Co. 


electrostatic power for spacecraft . 


Renewed interest in generating power by friction 
promises development of a compact generator 

for space application within two years. 

by Dr. Sam V. Nablo, manager of electrical propulsion, 
and Dr. A. Stuart Denholm, manager of power conversion, 
Goodrich-High Voltage Astronautics Inc. 
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Heat energy derived from the decay of radioisotopes 

is converted directly to electricity 

to power the Transit navigational satellite and other devices. 
by Dr: Charles E. Crompton, director of nuclear chemistry, 
The Martin Co. 
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oreater derating margin 
for higher reliability...at lower cost 
than lower rated types 


Westinghouse 2N1015 and 2N1016 transistors— 


Circuits which use power transistors can be upgraded in 
reliability by changing to the Westinghouse 2N1015- 
2N1016 series. The low saturation resistance and high 
dissipation rating (150 watts) of these transistors mean 
cooler operation—more safety factor in service. In fact, 
the 2N1015-2N1016 series offers twice the derating 
margin you can get in competitive types. Their high 
voltage ratings—up to 200 volts V-~—also mean an end 
to series connections of lower rated types. Yet all this is 
yours at less cost than you are now paying 

Inaddition tothese many circuit advantages, the 2N1015- 
2N1016 transistors give you the reliability assurance of 





True Voltage Ratings verified by 100% Power Testing 


under full operating conditions. You also get the advan- 
tages of reduced inventory, and the convenience of 
single-source purchasing. Next time you buy transistors 
in the 2N1015-2N1016 family make sure they're 100% 
power tested. You can be sure if it's Westinghouse 
For complete information, write or call: Westinghouse 
Electric Corp., Semiconductor Dept., Youngwood, Penna 
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THE DICTIONARY 


for technical management 


EDITOR'S NOTE: The I-R Dictionary for Technical Man- 
agement is introduced in this issue to provide readers 
with a broader understanding of the technical termi- 
nology that appears in Industrial Research articles. 
While some of the terms defined may seem elementary 
to some technical management men, others have ex- 
pressed a need for such a dictionary to help them 
understand new and old terms outside their fields of 
specialization. The I-R Dictionary each issue will be 
concerned only with technical terms used in the articles 
of that issue. The following definitions all are necessary 
for a complete understanding of energy conversion, the 
subject of this special edition. 


absorption efficiency—the ratio of thermal energy 
retained by a solar absorber to the radiant energy 
directed to the absorber. 


array—an ordered grouping of components. 

Carnot theorem—a thermodynamic principle stat- 
ing that a cycle continuously operating between a 
high temperature and a low temperature cannot be 
more efficient than a reversible cycle operating be- 
tween the same two temperatures. In 1821, Nicholas 
Carnot established the factors which affect the 
efficiency of engine cycles and stated the conditions 
for maximum efficiency to make the Carnot theorem 
one of the most important contributions to thermo- 
dynamics. 


electrostatic generator—a high-voltage generator in 
which the voltage is produced by mechanically 
transporting electrical charges from plates of lower 
to higher potential. The most common form, in- 
vented in 1929 by Dr. R. J. Van de Graaff, uses a 
non-conducting belt to carry charges to a terminal, 
which thereby develops a high potential. Because 
of this high potential, there exists along the belt an 
electrical gradient against which the charges have 
to be carried. 


enthalpy—the sum of thermal internal energy plus 
flow work (displacement energy), or the heat effect 
in a constant pressure process when only compres- 
sion or expansion occurs. The change in enthalpy is 
the change in the internal energy, plus the work of 
compression or expansion. 


entropy—a measure of the unavailable or locked-up 
energy in a thermodynamic system. The entropy 
change of the system times the absolute tempera- 
ture at the heat sink reveals the unavailable energy. 
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free energy—the amount of available energy from 
a thermodynamic system. 


fuel cell—an electrochemical device in which reac- 
tants are fed continuously from an external source 
for the direct production of electricity from chemical 
energy. A basic unit consists of an electrolyte and 
two electrodes; the fuel is oxidized at one, and the 
oxidant is reduced at the other. The maximum 
energy recovered is equal to the free energy of 
the reaction. 


heat pump—a refrigeration-type machine used for 
heating rather than cooling. By means of a com- 
pressible refrigerant, heat is transferred from a 
low-temperature body, such as the atmosphere, the 
earth, or a lake, to the environment that is to be 
heated. The heat transfer can be greater than the 
thermal equivalent of the mechanical energy ex- 
pended by the pump (the inverse of the Carnot 
principle). 


heat sink—an absorber of heat. A heat sink nor- 
mally stays at a low temperature because it dis- 
sipates heat away by radiation or conduction. 


ionization potential—the work necessary to remove 
an electron from the outermost or valence shell of 
an atom. 


magnetohydrodynamics (MHD)—the science of the 
interaction between magnetic fields and electrically 
conducting fluids or gases. 


MHD generator—similar in principle to a conven- 
tional generator in that an electrical conductor mov- 
ing through a magnetic field generates a voltage. 
However, the MHD generator puts a stream of 
high-temperature, ionized gas through a magnetic 
field, where the conventional generator uses a solid 
conductor driven by a turbine. Thus a solid moving 
part is replaced by the plasma and the turbine is 
eliminated. 


Peltier effect — French watchmaker Jean Peltier 
discovered in 1834 that when a current flowed 
across the junction of two dissimilar materials, the 
junction was heated or cooled by an amount pro- 
portional to the current, depending upon the di- 
rection of the current. From this principle, small 
compact heat pumps utilizing a number of Peltier 
“junctions” now are being made. 


photoelectric effect—the interaction between radi- 
ation and matter resulting in the absorption of 
photons and consequent production of mobile 
charge carriers. 


photovoltaic converter—a device that utilizes the 
photovoltaic effect in converting light to electric 
energy. 





photovoltaic effect—the production of an electro- 
motive force by incidence of radiant energy, com- 


‘monly light, upon the junction of two dissimilar 
materials 


plasma—a neutral body of ionized gas. 


Seebeck effect—German physicist Thomas Seebeck 
discovered in 1822 that a current is produced in 
an electrical circuit composed of the junction of 
two dissimilar metals when one junction is held at 
a higher temperature than the other. The phenom- 
enon resulting in this potential difference is known 
as the Seebeck effect. 


sinusoid—a curve whose ordinates are proportional 
to the sine of the abscissa. In a Cartesian graph, 
the ordinate usually is the vertical coordinate and 
the abscissa is the horizontal coordinate. 


solar absorber—a surface which converts solar ra- 
diation into thermal energy. 


solar cell—a photovoltaic converter which usually 
is used for converting solar to electrical energy. 


solar concentrator —a device for increasing the 
intensity of solar energy by optical means. 


solar energy conversion—a changing of solar radia- 
tion, either directly or with a heat engine, to elec- 
trical or mechanical power. 


space charge —a buildup of electrons near an 
emitter. The equilibrium current flow is reached 
when the electric field produced by the electron 
cloud in “space” near the emitter is sufficiently 
strong to prevent any subsequent emission. 


thermionic energy conversion—direct production of 
electricity from the emission of electrons from a 
heated substance. The working fluid in both thermi 
onic and thermoelectric converters consists of elec- 
trons. However, in a thermionic converter, a high 
temperature is required to give the electrons enough 
energy to overcome the emitter work function and 
escape into the inter-electrode space. 


thermionic converter—a device that utilizes thermi- 
onic emission in changing thermal to electric energy. 


thermoelectric converter a device that utilizes 
thermoelectric effect in changing thermal to elec- 
tric energy. 


thermoelectric effect—an electromotive force results 
from a difference of temperature between two junc- 
tions of dissimilar materials in the same circuit. 


thermocouple—two conductors of different metals 
are joined together to produce a loop in which a 
thermoelectric current flows when there is a dif- 
ference in temperature between the two sets of 
junctions. 
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Mark your nuclear calendar 


ATOM FAIR 


NOVEMBER 6-9 
CONRAD HILTON HOTEL 
CHICAGO, ILL. 


The Atom Fair is held in conjunction with 
the annual meetings of the American Nuclear 
Society and the Atomic Industrial Forum. For 


complimentary exhibit passes write today to: 


ATOMFAIR 
850 Third Avenue 
New York 22 
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News from Allied Chemical. 


Prizes wrested from the Fluorine “Dragon’ 


. but the prize was guarded by a 
dragon fiercer than the sleepless, fire- 
breathing monster Jason faced to win 
the Golden Fleece.” 


The quotation is from our new bro- 
chure, Fluorine. Chemists will under- 
stand the metaphor. They're quite 
accustomed to hearing fluorine called 
hard names. It’s the most reactive ele- 
ment in the periodic table—often 
termed “the chemical outlaw.” 

The brochure traces the develop- 
ment of fluorine from its isolation in 
1886 to the present. It points out 
“prizes” wrested from the volatile dra- 
gon: the latest advances in aerosols, 
nuclear power, insulation, medicine, 
rocketry. And it includes contributions 
from our General Chemical Division, 
pioneer in fluorine chemistry for over 
60 years and now America’s largest 
supplier of fluorine chemicals, with a 
list of more than 100 such products. 


“Dragon” in a vacuum bottle. 
Until recently, extensive use of fluorine 
was handicapped by handling and 
shipping problems. Only small 
amounts could be transported—and in 
gaseous form at that. Several years 
ago. our General Chemical research 
people learned how to ship fluorine as 
a liquid in bulk. They devised a triple- 
tank truck, much like a giant vacuum 
bottle, with liquid fluorine in the in- 
nermost tank. Next, liquid nitrogen 
to cool fluorine below its boiling point 
of —306°F. Finally, a vacuum-insu 
lated jacket. Now 5,000 pounds can be 
shipped by truck. And the door was 


opened to large-scale use. 


Fluorine and atomic energy. 
In the nuclear energy field. a develop- 
ment by our research people permits 
the company to make exceptionally 
high-purity uranium hexafluoride, 
basic atomic raw material, by a unique 


and simpler process than that used by 


government-owned plants. Our plant, 
located at Metropolis, Ill., is the first 
privately owned facility to produce 
this basic atomic raw material for the 
Atomic Energy Commission. Last 
year, Allied delivered its 10-millionth 


pound of UF, to the A.E.C. 


Rocket engines get a new “boost.” 
Chances are, the first man on the moon 
may get there “‘via fluorine.’ The 
enormous energy liberated by the re- 
action of liquid fluorine and liquid 
hydrogen yields higher specific im- 
pulse (the key to rocket performance ) 
than any stable chemical combination 
yet known. The first full-scale firings 
of a complete turbo-pump-fed rocket 
engine using these elements as propel- 
lants have already taken place. 


New packaging film makes debut. 
It's ACLAR®, our new fluorohalocar- 
bon film . . . characterized by fantas- 
tically low moisture vapor transmis- 
sion, transparency, impact strength. 
To get the moisture barrier benefits of 
ACLAR type 33 film, a saran film 
would have to be over 100 times as 
thick, a polyethylene film over 400 
times ds thick, and a polyester film over 
700 times as thick, Indicated uses: 
packaging electronic and other deli- 
cate mechanical equipment compo- 
nents, drugs, and chemicals. Its appli- 
cation in your field of interest might 
be of value to your product, too. Why 
not explore the possibilities of ACLAR? 
Write today for our new brochure, 
Fluorine. Your name and title on your 
company letterhead will bring you a 
copy promptly. The address: Allied 
Chemical Corp.. 
Dept. 61-IR, 61 
Broadway, New llied 
York 6, New . 
York. Or phone hemical 


HAnover 2-7300. 


Basic to America’s Progress 


NDUSTRIAL RESEARCH—OCT, 1961 


i1 





a. 


FEEDBACK [rom technical management 


English channel tunnel scientists, each skilled in a particular 
Sir discipline, work effectively as a team 
to produce a new concept. The wide 
breadth of technologies necessary in 
the solid state field seems to me to 
argue against the usefulness of the 


I was much impressed by your ar 
ticle, “The English Channel Tunnel 
159 Years of Research,” in Vol. 3, No 
3 (June-July); in fact, it completely “scientific generalist” in solving spe 
disrupted my morning's work. How cific problems 
ever, I do find a minuscule error on It is implied that Texas Instru 


page 48, where you say a propeller monte! ealid clacait comiconducter net 
driven train would have a “second works were developed under an Air 
source of ventilation Fain't so. A Force contract. Actually, the concepts 
wheel-driven train only moves by force used in this area were generated and 
img air backward Thus S propeller proved out in company sponsored re 
driven train would push less air aaanetlle 
through a tunnel than a wheel-driven R. W. Olson 
train . Vice-President 
A Buffalo Forge engineer told me ones Satemmnanin Sas 
the estimate on how much air cars 
would pull through the Holland tunnel Sir 
was conservative. Turns out, you don't 
need the ventilation fans at all 
If the propeller tip clearance is small 


‘ove our service to you. 


please fill out the coupon 


any or address 
Industrial Research Inc., Beverly Shores, Indian 


Harrell Nobel's article on molectron 
ics certainly conveyed the excitement 
of the tremendous potential of work 
(1 or 2% of blade width), efficiency in this area. As such it provides ample 
can be very high (95 to 97%). And stimulation to promote this general 
for your amusement, the air down field 
stream of a propeller in a wind tunnel 
is moving slower than upstream. It is 
at a higher static pressure and hence 
needs less velocity to pass a given 
mass per second. Don't tell anybody; 
you'll only start an argument 


In doing so you can help us impr 


our title or comp 


y 


Malcolm R. Currie 
Manager, Physics Laboratory 
Hughes Research Labs 


at left and send with the mailing label from this magazine to 


on the mailing label of this magazine 
é 


Sir: 


A SUCCESSOR oo the man whose name appears 


“The Molectronics Engineer — A 
New Species” (Vol. 3, No. 3) was ex 
tremely helpful in making our people 
aware of the trends in the molecular 
Sir electronics field. It also was very timely 

I first became familiar with the in that it preceded Westinghouse’s re 
English Channel Tunnel idea while lease in Business Week as well as the 
working at DeLeuw, Cather & Co., more comprehensive survey in Elec- 
Chicago, and did a paper on the sub trical Engineering which appeared 
ject in connection with my present several days later 
studies at Cornell University School The material was well written, in 
teresting, and quickly brought me up 
to date on the state-of-the-art. Keep 


Alan Pope 
Head, Aero & Thermodynamics 
Sandia Corp 


of Engineering, so I was very much 
pleased to read your article 


Beverly Shores, Indiana 


ine to 


+ 
. 


hanged to 


d be 


I especially enjoyed the article be 
cause it deals mainly with engineering 
aspects of the proposed tunnel project 
While doing research on my paper, I 
was able to find large amounts of ma 
terial on political and economic angles, 
but little on technical requirements 

Thank you for a most informative 
article, and in fact, a very interesting 
magazine 

Clifford Argue 
Cornell University 


Molectronics 
Sir 

“The Molectronics Engineer — A 
New Species,” while non-technical in 
presentation, was well done and nicely 
presented. It seems to me that this 
is a good example of the type of article 
which Industrial Research should be 
presenting to management 

The concept of the “molectronics en 
gineer’ who is competent in all phases 


up the good work 


Morris Brenner 
Vice-President, Engineering 
Penn-Union Electric Corp 


Transposed chief 
Sir 

I have been called many names over 
the past 64 years, but the one on the 
attached mailing label (Thief Engi 
neer) is to say the least new and novel 

Although I was Chief Engineer of 
a now defunct company for many 
years, I can assure you that the demise 
of that company as a quality manu 
facturer was not due to larceny in the 
engineering department. By and large, 
engineers do not seem to be too well 
qualified to seek out legal loopholes 
and indulge in stock raiding and ma 
nipulation to obtain the quick buck 

Incidentally, Industrial Research 
appears to be an excellent magazine 
and should find wide acceptance 


address should be changed to 


of technology is interesting but does 
not follow the historic example of the 
semiconductor industry where many 


D. L. Boyd 
Professional Engineer 
Boy d Associates 


fill in the appropriate information and return coupon and the mailing 


label from this maga 


INDUSTRIAL RESEARCH 


company should be changed to 
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Product Devel 


or publication 
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articies [rom magazines 

ations and inter 

orporating automa 

people how 

in an automated 

In this chapter we 

reproduce and use the 

lucation Machines BN 

Toward Automated Teaching 

§ No. 1 his article, by Dr 

Packer, is an excellent discussion 

things in which our schools 
nterested 

John Burger 

Vanaging Director 


Automation Institute Courses 


Copying machines 


article Speedup in Office 
(Vol. 2, No. 6), specified that 
U.S. companies, Apeco and 
Anken, manufacture copy paper for 
ise in diffusion copiers 
This statement is not correct. We 
have been coaters of photographic ma 
terials since 1939 and have coated 
diffusion-transfer photo-copy paper 
for marketing throughout the country 
since approximately 1951. These dif 
fusion-transfer office copy materials 
are coated for sale under the Peerless 
label as well as other private labels 
belonging to firms of significance in 
the field 
Our line is a complete one, consist 
ing of three different speed negative 


K 4 


papers and four types of positive 
papers. These materials are designed 
for use on transfer process photocopy 
machines we have manufactured, as 
well as on most competitive machines 
Walter H. Jacobs 

Sales Promotion Manager 

Peerless Photo Products In 


Flameless heat 
Sir 


Your article, “Heat Without Flame’ 
(Vol. 2, No. 2), has become part of 
our information files in the Long 
Range Planning Industrial Informa 
tion Center. In an effort to keep these 
files up to date, further information 
»n thermocatalytic combustion would 
he appreciated 

Vrs. Viona R. Duncan 
Research Analyst 
Stanford Research Institute 


Happy author 
Sir 


I have heard from several people 
who have read my article “Realistic 
Research Administration” (Vol. 3, No 
3), and had some comments about it 
(even from Technicolor Corp., which 
objected mild because the word 
Technicolor” was not capitalized in 
the article). I was pleasantly surprised 

the favorable response 

I have enjoyed working with your 
staff and was pleased with the way you 
were able to spark up the article 
isually 

H.W Rice 

Director of Research 
Robertshaw-Fulton Controls Co 
Westerr Re search Center 


Feedback on feedback 


ed BI 


2 


his is in reply to Harry B. Fuchs 
etter (Vol. 3, No. 3) in which he dis 
cusses Prof. John A. Wheeler's theory 
of lines of force in curved space-time 
In support of this theory, Fuchs cites 
from his copyrighted essay God's 
Circle,” several excerpts wherein it is 
assumed that the cosmic creative pro 
cess is based on the circle or segments 
thereot 
While I do not wish to argue the 
merits of the circular concept, I would 
like to point out that in Wheeler's 
theory, the lines of force certainly are 
not confined to circles or circular seg 
ments. In limited space-time, the circle 
simply will not coincide with the 
limits. A true circle in space most 
certainly would be a physical freak 
as would the true sphere. We must 
not allow our thinking to be confused 
and confined by true analytical figures 
In a truly limitless yet finite space 
a straight line from a point in this 
space must surely return to cross this 
point again 
John Clifton Oubre 
Petroleum Chemicals Inc 
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HIGH FREQUENCY 
Juductiou 


Lepel induction 
heating equipment is the 
most practical and efficient 
source of heat developed for 
numerous industrial applications 


Simulated Performance Tests 
Aided by Induction Heating 


Equipment designed to evaluate perform- 
ance of aircraft and missile components 
subject to repeated mechanical stress at 
elevated temperatures 


Use of a 242 KW 
Lepe! generator 
(1), and induc- 
tion coil (2), per- 
mits induction 
heating of me- 
tallic and cermet 
materials to con- 
stant and vary- 
ing tempera- 
tures while un- 
der repeated 
mechanical 
stress applied 
by cantilever-type fatigue testing unit 
(3). Very rapid heating (several hundred 
degrees per second) and cooling, permit 
thermal pulses to simulate sudden tem- 
perature changes in actual service. 


Close temperature control (+3°F) for 
long periods of time, to temperatures 
exceeding 2400°F is accomplished with 
control system (4). This permits fa- 
tigue testing over a wide range 
of temperatures. 


Our engineers will process your work 
samples and return the completed 
job with full data and recommenda 
tions without cost or obligation 


WRITE FOR NEW LEPEL CATALOG 


EAHC H 
TRENDL TITER 


WEEKLY ce pave 40 


LZ ZL hich FREQUENCY 
& L&PLE LABORATORIES, INC. 
55th ST. & 37th AVE., WOODSIDE 77. N.Y 
CHICAGO OFFICE: 6246 WEST NORTH AVE 
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used on the X-15 


- YHELDS VITAL 
TEMPERATURE 


shert White 
ding next to 
DetectoTemp painted 


r € cone 


Color Changing Paint Indicates 
Surface Temperatures and Thermal Distribution 


Prior to the historic X-15 flight, acteristics which have proved 
DetectoTemp paint was applied DetectoTemp ideal for all ap- 
on the metal nose surface of the plications ranging from micro- 
craft to record ‘in-flight’ skin miniature circuitry to large 
temperatures. As the X-15 surface areas. Easy-to-see color 
rocketed to 2905 mph, this changes represent definite tem 
unique paint progressively perature points and give De- 
changed from its original green tectoTemp the unique ability to 
color to blue, yellow, black and indicate local temperature vari 
finally brown as the surface ations 

temperature increased due to For further information on how 
air friction this amazing product can bene- 
This dramatic application em- fit your program, phone Swin 
phasized the outstanding char- burne 9-0500 or write. 


: Also available 
- JD ETECTOTEMP : ‘Thermochrom 


36 types ver temperatures . Color changing crayons idea! for 
tr .o to 1350°C : on-the-spot temperature checks 
Mult ange paints available ° 18 crayons cover temperatures from 

with as many as 4 color changes 4 65°C to 670°C 


CURTISS 


CORPORATION 


Princeton Division «+ Princeton, New Jersey 
IN CANADA: Canadian Curtiss-Wright Ltd 
Industrial Process Controls, Davis Road, Oakville, Ontario 


Also available through 
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Advisory board 
Sir 
I've had a number of congratulatory 
calls on my Industrial Research Ad 
visory Board appointment. By the 
general comments I've had, and by the 
level of persons from whom I've heard, 
there seems to be an acceptance of 
Industrial Research that you should 
consider an extremely encouraging 
portent for the future 
If I were to attempt to characterize 
the special editorial function I-R is 
coming to be known for, I'd say it is 
the presentation of well-written re 
views for the technical sophisticate of 
those contemporary developments that 
have particular potential for high tech 
nology. To my personal knowledge 
there’s no other publication that quite 
fits this very important role 
DeWitt O. Myatt 
President 
Science Communication Inc 


General feedback 
Sir 


I have been receiving your publica 
tion for some time now and find it 
very informative and interesting. In 
fact, I circulate my copy to our gen 
eral manager and product planning 
manager 

F. J. Lohan 
Manager 
Research & Development 
Bryant Computer Products 
Sir 
I look forward to Industrial Re 
search with a great deal of interest 
Donald W Collier 
Vice-President, Research 
Borg-Warner Corp 
Sir 

I long have considered that Indus 
trial Research is an excellent source 
for the latest engineering information 
The magazine is available here to a 
group of five engineers who are en 
gaged in the development around the 
Discoverer, Midas, Samos, and Advent 
Satellite programs 

Guenther G. Schoen 
Senior Components Engineer 
Lo« kheed Missiles & Space Co 
Lockheed Aircraft Corp 
Sir 


I found the April-May issue of 
Industrial Research very interesting 
with a great breadth of coverage. You 
should be congratulated on the quality 
of your Editorial Advisory Board 

William W. Seifert 

Assistant to the Dean 

School of Engineering 

Massachusetts Institute of Technology 
Sir 

From what I have seen, Industria! 
Research is certainly well written and 
the subject material is one that is of 
interest not only to technical manage 
ment but others in the management 
field 

R. B. Young 
President 
Acushnet Process Co 





OPERATIONS RESEARCH 


MICRO-ENCAPSULATION MAGNETICS THIN FILMS 


and Development 
Mees Sy s 


LOGIC & CIRCUITRY MECHANICS DIGITAL SYSTEMS 


Positions open are at all levels 
of experience, including Project 
. ‘ . . J ‘ V anager. Prompt and per sonal 
in a stable organization. Whether your interest lies in commercially cttention will be ween 06 Gann 
oriented projects or advanced military electronic development, you inquiry. All qualified applicants 
will be considered regardless of 
race, creed,color or national origin. 
advancement. Send resumé and letter of 
If vour interests lie in one of the many fields of endeavor being application to: T. F. Wade, 

aa : i ee oad SSS. Technical Placement, G-4 
carried on by The National Cash Register Company, you are invited The National Cash Register Co., 
to submit your resumé to us for consideration for one of the fine Main and K Streets, 
: Dayton 9, Ohio. 


The National Cash Register Company presents above-average oppor- 


tunity for the experienced scientist or engineer to apply his talents 


will find lasting satisfaction and encouragement for professional 


opportunities now open in Dayton, Ohio at our modern Research and 
Development facility. 
SEMI CONDUCTOR RESEARCH ADVANCED ELECTRONIC SYSTEMS 


LOGIC AND CIRCUIT DESIGN SYSTEMS RELIABILITY 
COMPONENT EVALUATION DIGITAL COMMUNICATIONS 


TECHNICAL WRITING 


THE NATIONAL CASH REGISTER COMPANY, DAYTON 9, OHIO 
ONE OF THE WORLD’S MOST SUCCESSFUL CORPORATIONS 
77 YEARS OF HELPING BUSINESS SAVE MONEY 
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DEPENDABLE ACCURACY 


Wavelength: 5A How much 
Photometric: 0.005 at 4A should you pay 
CRITICAL REPEATABILITY ba 
aps for a recording 
neue spectrophotometer? 


PRACTICAL WAVELENGTH $3685, for pinpoint coverage of the visible 
RANGE range. $4285 for visible and UV. 


200m..-700m You might pay a little less, but at the cost of 


recording speed, accuracy, repeatability, 
CONSTANT NARROW and range of application. You could pay 
BAND PASS more than twice as much, but you still 
Standard: 5A and 50A wouldn’t get such exclusive Spectronic 505® 
Special order: 2A and 50A advantages as automatic wavelength speed 
control and the built-in mercury lamp for 
checking wavelength calibration. 
LOW STRAY LIGHT 


0.1% at 220m 


The Spectronic 505 provides high-speed, 
high-precision recording of transmittance, 
linear absorbance and emission—plus ac 
RAPID SCANNING cessories for reflectance between 400-700 

6 different speeds, from mu. The only other instruments that can 
approach its speed, accuracy and simplicity 
cost from two to four times more. That’s 
why the Spectronic 505 has become the 


approximately 1 minute 
to 10 minutes 


best-selling spectrophotom 
BAUSCH & LOMB INCORPORATED | eter of all time. 
81321 Bausch Street, Rochester 2, New York | 


e send me Spectronic 505 Catalog D-2009 


BAUSCH & LOMB 


Vv 


Made in America 
to the world’s highest standards 


1 Booklet D-2019, “Fundamentals of Spec 


notometry 


NAME, TITLE 


PROFESSIONAL 
ADDRESS 


STATE 


Sir 


I look forward to reading Industrial 
Research with interest, especially 
since our business is very closely re 
lated to the fields you are coverings 

William F Barhour Jr 
Vagnion Ine 
Sir 


I am not a technical man and, there 
fore, probably not well qualified to 
offer criticism of your publication 
However, my impressions are that 
Industrial Research is an excellently 
prepared magazine and would appear 
to be particularly useful for the tech 
nical people in management. It seems 
to consolidate a great deal of informa 
tion that one might have to look into 
a number of magazines to obtain quite 
as fully 

Needless to sav. I wish vou the best 
of success with the publication 

Tilden Cummings 
Pre stdent 
Continental Illinois National Bani 
& Trust Co. of Chicago 
Congressional feedback 
(Editor's note: Because of their need 
to-know, members of the U.S. Senate 
and House of Repre sentatives as we 
as certain other government officials 
have been given subscriptions to In 
dustrial Research as a public service 
Following are some comments that 
have heen recewed.) 


Sir 


Industrial Research, I am sure, will 
provide much useful data. Very short 
ly I plan to reintroduce legistation to 
establish a Federal Commission on 
Science and Technology, which would 
examine the federal government's fu 
ture role in national defense research 
space science, and in facilitating civil 
ian, industrial, university, and other 
efforts 

Sen. Hubert H. Humphrey 
Minnesota 


Industrial Research is certainly a 
most interesting and informative mag 
azine. I am very interested in the new 
levelopme nts in applied sclence and 
ou may be sure I am glad to have 
this publication for my reference 
brary 

Rep. Samuel N. Friede 

th District, Maryland 

read with great interest the 

informative discussion of technological 

levelopments in Industrial Researct 

[he information is valuable as refer 

ence and I shall certainly bring it t 
bear on pertinent studies 

Sen. Ralph Yarboroug! 

Texas 

I find that in this transition in which 
we are presently involved any infor 
mation I can get to clarify the atmos 
phere of the unknown ts certainly bene 
ficial in handling defense appropria 
tions in which I have responsibility 

Rep. Harry R. Sheppard 
27th District, California 

I have examined your unique pub 
lication with great interest 

Rep. Charles A. Hallect 
2nd District. Indiana 





it will provide very helpful in 
formation 
Sen. Barry Goldwater 
Arizona 
Let me assure you that I read In 
dustrial Research with interest 
Sen. Joseph S. Clark 
Pennsylvania 
I have found Industrial Research of 
great interest and benefit 
Rep. Marguerite Stitt Church 
13th District, Illinois 
I am glad to receive Industrial Re 
search 
Sen. Clifford P. Case 
New Jersey 
I found the June-July issue both 
informative and interesting 
Rep. James Roosevelt 
26th District, California 


Industrial Research is certainly a 
very nice magazine, highly interesting, 
and warrants what has been said about 
it 

Rep. J. Floyd Breeding 
5th District, Kansas 
it will prove valuable as a source 

of information 
Sen. John Marshall Butler 
Maryland 


This information will be extremely 
helpful as a legislator 
Rep. James F. Battin 
2nd District, Montana 
I enjoy reading Industrial Research 
Rep. John V. Lindsay 
17th District, New York 
many interesting articles in In 
dustrial Research 
Sen. Hjalmar C. Nygaard 
North Dakota 
With the ever growing importance 
of research to industry, Industrial Re 
search is a valuable and useful addition 
to my reference material 
Sen. Lee Metcalf 
Montana 
I greatly appreciate receiving in 
formation on industrial and govern 
ment research and development effort 
and wish to commend you for your 
desire to provide such information in 
easily understood language 
Rep Jack Westland 
2nd District, Washington 
It is important that those of us in 
Congress be kept fairly current on 
research and development efforts in 
understandable terms. You may be 
sure that I will read ensuing issues of 
your publication with interest and will 
send you my view on anything that I 
believe would be of mutual interest 
Sen. Henry Dworshak 
Idaho 
Industrial Research contains much 
of interest and I look forward to re 
ceiving subsequent issues 
Sen. Frank Church 
Idaho 
Industrial Research is obviously a 
journal which contains a great deal of 
essential and useful information 
Lyndon B. Johnson 
Vice-President 
United States of America 


ONE... 


just set the part on the 
anvil (no masters or set 
gages needed) 


TWO... 


turn the knob to lower 
J e}ialell-M@-) ce) eel Uh olathe 
Tor] IN Relameelale-[ag) 


THREE... 


read the measurement 
directly from the scale 
(and save up to 85% in 
gaging time!) 


MEASURE 10 


0001"! 


... that’s how quick and easy it is with the 
Bausch & Lomb DR-25B8 Optical Gage / 


Takes just seconds to get direct readings to .0001” . . . depth, 
thickness, height, diameter, taper. You read in “tenths” from 
0” to 3” on a bright, magnified scale... with such extreme 
accuracy (0.000025”) that you use this DR-25B instead of 
gage blocks. Specially calibrated to normal shop temperatures 
with easy conversion charts for any temperature fluctuation. 
Here’s today’s fastest, easiest way to get highest accuracy read- 
ings ... with job-proved savings of as much as 85% in gaging 
time .. . for only $875! 
See it, compare it, in 

a free on-the-job 


demonstration. BAUSCH & LOMB INCORPORATED 
93021 Bausch St., Rochester 2, N. Y. 


DISTRIBUTED IN U.S.A. THROUGH THE DoALL COMPANY 


I'd like an on-the-job demonstration of the 
DR-25B with no obligation on my part 


BAUSCH & LOMB Please send Catalog D-285 


Ww NAME TITLE 


COMPANY 
Made in America 
to the world’s highest standards ADDRESS 
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What was Bell Telephone Laboratories doing 
ON FRIDAY, JUNE 30, 1961? 


It was exploring the communications pos- 

sibilities of the gaseous optical maser 
vice which generates continuous co 
nt infrared radiation in a narrow beam 


It was developing an anti-missile defense 
ystem designed to detect, track, intercept 
and destroy an enemy ICBM —in a matter 


the card dialer which 
nsertion of a punched 
automatic dialing of fre 


imbers 


It was preparing an experiment in world 
wide communications using “active” satel 
lites powered by the solar battery, a Bell 
Laboratories invention 


It was demonstrating the potentialities of 
the superconducting compound of niobium 
and tin for generating, with little power, 
magnetic fields of great strength. 


It was developing improved repeaters or 
“amplifiers” to increase greatly the capacity 
and economy of undersea telephone cable 


systems 


it was completing the development of a 
new “heavy route” Long Distance micro 
wave system capable of handling over 
11,000 two-way conversations at once. 


It was experimenting with an electronic 
central office at Morris, Ill., which is capable 
of providing a wide range of new telephone 
services. 


it was continuing its endless search for 
new knowledge under the leadership of 
scientists and engineers with world-wide 
reputations in their chosen fields. 


Bell Laboratories scientists and engineers work with every art and science 


that can benefit 


communications. 


Their inquiries range from the ocean 


floor to outer space, from atomic physics to the design of new telephone 


sets, from the tiny transistor to massive transcontinental radio systems. 


The goal is constant—ever-improving Bell System communications services. 


KI > 


BELL TELEPHONE LABORATORIES (8) 
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ITH MORE THAN 60 known 
industrial and government projeets 
me importance underway, ] 

a toy are the most dive 
all energy conversion concepts 
under investigation. The automo- 


ive, electronic, battery, gas, petrol- 
tian electric industries all, are 
ly developing fuel cells to suit 
the many special requirements of 
ian, military, and space appli- 

ns. 
devices convert 
irectly to electric- 
dized, products, of 


of chemical reaction is re- 
, ity. Electrons re- 
are made to 
1 work. 
cells and bat- 
iption. How- 
, fuel cells differ outstandingly: 
fuels and oxidants: normally 
used with inert electrodes to 
rmit contirfuous feeding of the 
cell. Conventional dry cells and 
storagesbatteries customarily u 
solid (Brsumatie oxidants and 
solid ls, or reductants, that gen-~ 
erally @re considered chemicals, 
rather common fuels. 
Because solid reactants are not 
fed continuously, conventional cells 


| int 4% 
Dr. Egon Mle z roject director, fuels research, Atlantic Researgle Gorp., * 4. 
and Or. Eugene B. Sh peneo r, energy conversion research, Institute of Gas Technology 
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and batteries generate electricity 
only until the oxidant and reductant 
are used up. In fuel cells, common 
fluid fuels, such as hydrogen, car- 
bon monoxide, propane, natural gas, 
and methyl alcohol, can be used 
with common oxidants, notably air 
and oxygen 

There are some exceptions to 
these rules. Some cells combine a 
consumable fuel electrode 
with an air electrode (inert, and 
continuously fed with air). How 
ever, such combinations still are 
referred to as fuel cells 


solid, 


High efficiencies 
at room temperature 

Thermodynamically, fuel cells are 
constant temperature-constant pres 
sure devices, and the maximum en 
ergy yield is equal to the change in 
free energy between products and 
reactants. For most fuel cells, such 
as hydrogen and the hydrocarbons, 
with air or oxygen as oxidant, the 
free energy change near room tem 
perature is almost as large as the 
heat of combustion of the fuel. Thus, 
theoretical efficiencies, expressed as 
a percentage of the heat of combus 
tion, approach 100% 

In practice, efficiencies substan- 
tially higher than 50% are fairly 
common in laboratory cells; as high 
as 80% has been reported. High 

usually is the most im- 
consideration in choosing 


efficiency 
portant 


fuel cells over other energy conver- 
sion devices for a given application 
Another important consideration is 
the possibility of operating at low 
ambient temperatures 

Fuel cells are not heat engines 
like thermoelectric and thermionic 
devices and conventional steam 
turbogenerators. Therefore, they are 
not limited by the Carnot efficiency 
see page 8 for definition). High 
temperatures are not necessary to 
raise the efficiency, but are used in 
some fuel cells to make ordinarily 
unreactive fuels more reactive, or 
to increase the current output 


Construction and operation 


All fuel cells must have the three 
essentials of any electrolytic cell 
anode (fuel electrode), cathode 
oxidant electrode), and the inter- 
vening electrolyte. These compo 
nents make up a sandwich. Hous 
ings must be provided at both elec- 
trodes to conduct the fuel and oxi 
dant over the anode and cathode 
surfaces 

Fuel cell construction methods 
vary markedly, depending primarily 
on operating temperatures. Low 
temperature cells can use carbon, 
graphite, or metallic electrodes, and 
plastic housings. Higher tempera 
ture cells require stainless 
bodies and metal or metal oxide 
electrodes; ceramic matrices are 
used to hold molten electrolytes 


steel 


In most fuel cells, fluid fuel and 
oxidant flow past porous “diffusion” 
electrodes, and diffuse into the in- 
terior of the electrode. At the same 
time, a liquid electrolyte diffuses 
into the electrode, and an electro- 
chemical reaction takes place at 
interfaces and surfaces within and 
on the electrode. 


Obstacles to application 


If technical problems in _ con- 
structing large power packages can 
be solved, fuel cells would be eco- 
nomically attractive for industrial 
power. However, complex auxiliary 
electronic equipment is required. 
Because the cell is limited to volt- 
ages of about 1 to 1.5 volts, a num- 
ber of cells must be connected in 
series to produce usable d-c volt- 
ages. This requires that individual 
cells be electrically insulated from 
one another, but at the same time, 
fuel and air connections must be 
made to each cell. 

Since a high-temperature molten 
carbonate cell currently is the best 
contender for future large-scale in- 
dustrial use, problems associated 
with series connections, corrosion, 
and electrolyte losses become formi 
dable. Even so, according to investi- 
gators at Leesona Moos Laborator 
ies, Jamaica, N.Y., the molten car 
bonate Carbox‘!) cell can be built 
for about $100 to $250 per kilowatt 
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1 shows 
the anode- 
the paths of ions 
trons, and fuel and oxidant. 
concepts (2) are 


emperature hydrogen-oxrygen 
-temperature 


variety of fuels. 


achievements 3 
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hour capacity, or 
pound of weight 
High-temperature cells, if used 
industrially, must be maintained at 
their temperature regardless of load 
conditions. Under light load condi 
tions, normal energy losses may not 
be sufficient to maintain tempera 
ture, and auxiliary heat must be 
supplied. Under high loads, heat 
generation may be excessive and 


about $2. per 


cooling from an outside source may 


be required. A means for energy 
storage might be necessary to 
smooth out the peak loads. 

Fuel cells also may find applica 
tion in the domestic market. Natu 
ral-gas fuel cells in the home would 
take advantage of low-cost gas, and 
provide all electricity requirements 
of the home 

Most current efforts in civilian 
fuel cell applications involve pro 
pulsion of automobiles and other 
vehicles. It is not yet clear what 
type of cell is best suited for this 
purpose, or what type of fuel will 
have to be produced in quantity to 
meet the demand. At the moment, 
propane and methyl alcohol are 
good prospects because they are 
liquids and contain a lot of energy 
per unit of volume. And they may 
not be too expensive to produce 

The advantages of fuel cells for 
automobiles are lack of smoke and 
noise, few moving parts, less wear, 


and a more simplified automobile 
design. One conceptual design for 
a mass-produced car has been pre- 
pared by Brooks Stevens Associates, 
Milwaukee, and is based on the 
assumption that fuel cells can be 
housed within the wall thickness of 
the body shell 

An early return of electric cars 
has been predicted rather freely. If 
true, the advent of a fuel cell car 
will be speeded since the two would 
be similar technologically 
No radio interference 

Fuel cell power supplies for mili 
tary purposes are based on com 
pletely different concepts, since cost 
of operation is offset many times by 
special requirements of light weight, 
radio and radar silence, and lack of 
noise. Because the fuel cell has no 
moving parts, no noise is involved 
in its operation, in contrast with the 
standard combination of internal 
combustion engine and generator. 

Lack of moving parts also results 
in total lack of radio interference 
that arises in commutators of con- 
ventional generators. Specialized 
cells, such as the hydrox cell oper- 
ating at ambient temperature, also 
are advantageous because they do 
not produce the bright infrared 
image caused by the exhaust of 
an internal combustion or gas-tur- 
bine prime mover 

In space applications, high ratios 


of power to weight and volume are 
necessary and the fuel cell must 
function unattended in a zero-grav- 
ity field. In many cases, a cell must 
be regenerative so that a fixed 
charge of fuel or oxidant can be 
regenerated by energy from the sun, 
and reused in the cell. 

The cell might be regenerated 
with electricity from silicon solar 
cells, or by using the sun’s energy 
in photochemical reactions of fuel 
cell products. These requirements 
put a premium on ambient tempera- 
ture operation and simplicity in 
design and function. 


The success of hydrox cells 


Of all fuel cells in laboratory or 
prototype stages, hydrox cells have 
the most successful history. The 
Bacon cell, conceived in England in 
the early 1930s, has been developed 
over the longest period. In spite of 
its elaborate pressure control re- 
quirements and other complexities, 
the Bacon cell is important because 
of its spectacular performance. 

Current density (amperes per 
square foot of electrode area) is a 
measure of performance. The larger 
the current density, the more com- 
pact the device. The Bacon cell has 
been reported to give 500 to 1000 
amperes per sq ft, several times any 
value reported by competing cells. 
Development of the Bacon concept 
is being carried out by the American 


CELLS ARE STACKED together in modules (4) 


regenerative fuel cell (7 














in the Pratt & Whitney application of hydroz cells 
to vehicle secondary power systems. 

Allis-Chalmers Mfg. Co. engineers visualize the use 
of fuel cells to power future earthmovers (5). 

A plastic Fuelox fuel cell for hydrogen-bromine 
systems (6), developed by Ionics Inc., 

is capable of delivering about 35 watts of power. 
An experimental model of a lightweight 

is under 

development by Electro-Optical Systems Inc. 
General Electric’s 200-watt portable 

fuel cell pack (8) develope d for the Marine 

Corps weighs 30 lbs, takes the place of a 55-lb 
engine generator or 80 lbs of batteries, 

and can be handled easily by one man. 
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licensees, Leesona-Moos and Pratt 
& Whitney Aircraft Div. of United 
Aircraft, East Hartford, Conn. 
in performance to the 
Bacon ‘cell is the hydrox cell devel- 
oped by National Carbon, now 
called Union Carbide Consumers 
Products Co., Parma, Ohio. A much 
simpler device, the Union Carbide 
cell operates at atmospheric pres- 
ind low temperatures (100 
160 F), and yields current densities 
of 100 to 300 amperes per sq ft. 
These cells powered the battery of 
lights at the Brussels World Fair 
in 1959 

A fuel cell developed by Allis- 
Chalmers, Milwaukee, is somewhat 
similar to the Union Carbide devel- 
opment in construction and opera- 
tion, but uses metal electrodes. 
About 1,000 compact cells of this 
design installed in a 20-hp 
electrically driven tractor now on 
display in the Smithsonian Institu 
tion, Washington, D.C 

Demonstration of the Allis-Chal- 
mers tractor in late 1959 provided 
a great impetus to fuel cell develop- 
in general. Even though it 
has not been confirmed that propane 
was utilized in the fuel mixture, the 
fuel cell tractor remains an impor- 
tant achievement in hydrox cells 
because of its simple construction 
ind operation. It remains the larg- 
fuel cell power package 
ever demonstrated 

Recent activities with hydrox 
cells using caustic electrolytes have 
been on a much smaller scale. How- 
ever, they indicate continuing im- 
provements that should help this 
type of cell maintain its important 
position. Electro-Optical Systems 
Inc., Pasadena, Calif., has tested a 
cell that has porous nickel elec- 
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sure 
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ments 


est-scale 


trodes, with an aqueous caustic elec 


trolyte held in the pores of an 
isbestos bed to keep the electrodes 
becoming flooded with the 
solution 


from 


An atmospheric-pressure hydrox 
cell that operates at 300 F to drive 
off product water as vapor has been 
studied by the Kettering Founda- 
tion, Yellow Springs, Ohio. A pasty 
mixture of hydroxides serves as elec- 
trolyte, and metal electrodes are 
used. The Kettering Foundation 
also has developed an acid cell 
operating at about the same condi- 
tions, but with phosphoric acid as 
the electrolyte. Inert powders are 
mixed with the acid to make it 
pasty 


Completely plastic fuel cells 


Almost completely plastic fuel 
cells with ion-exchange membranes 
have been produced for hydrox sys- 
tems by GE’s Aircraft Accessory 
Turbine Dept., Lynn, Mass., and 
Ionics Inc., Cambridge, Mass., and 
for hydrogen-bromine systems by 
Ionics. This type of cell is almost 
ideal because the entire housing can 
be plastic and only the electrodes 
must be metallic powders, or screens 
capable of containing required cata- 
lysts. The ion-exchange membrane 
is a wet, pliable film similar to a 
solid electrolyte, with no orientation 
problems for spillage control 

The GE Turbine Dept. has de- 
veloped a 200-watt, portable power 
pack of ion-exchange cells for the 
Marine Corps. Probably the most 
successful military fuel cell appli 
cation to date, the pack can be used 
to generate power for portable radar 
units in the field. Air is the oxidant, 
and hydrogen fuel is produced as 
needed from reaction of a metal 
hydride with sulphuric acid 

Bromine, considered by Ionics to 
be superior to oxygen as an oxidant 
in regenerative fuel cell practice, is 
used in their low-temperature ca- 
tion-exchange cell ( Fuelox). Provi- 
sion is made for regeneration of the 
bromine by current from silicon 
solar cells. Ionics also has developed 
a dual-membrane cell that uses two 


anion-exchange membranes with in- 
tervening aqueous caustic for hy- 
drogen-oxygen systems. 

Despite their success in recent 
Years, ion-exchange cells have tech- 
nical drawbacks, such as control of 
membrane moisture content, des- 
truction of plastic membranes from 
local overheating, and scaleup be- 
yond a fairly small size. Investment 
costs are high, largely because of 
high catalyst costs. 


Alcohol, a breakthrough 


Research on alcohol fuel cells has 
increased notably in the last few 
years. Three approaches, all at low 
or moderate temperatures, have 
been described: carbon diffusion 
electrodes and aqueous electrolytes; 
metal diffusion electrodes and 
anion-exchange membrane electro- 
lytes; and alcohol dissolved directly 
in caustic electrolyte, with a non- 
diffusion anode and oxygen diffu- 
sion cathode. 

The first two schemes were pio- 
neered at the Signal Corps Research 
& Development Laboratory, Fort 
Monmouth, N.J. They use estab- 
lished hydrox fuel cell concepts but 
with liquid alcohol diffusing into the 
anode instead of gaseous hydrogen. 
While attainable current densities 
are modest, the concept represents 
a breakthrough in the direct utiliza- 
tion of liquid fuels at low tempera- 
ture 

A third approach, called the dis- 
solved-fuel or soluble-reactant fuel 
cell, utilizes higher current densities 
than the first two, and was initiated 
by Prof. E. Justi, of the Technical 
Institute, Braunschweig, Germany. 
Esso Research & Engineering Co., 
Linden, N.J., and Monsanto Chem- 
ical Co., Everett, Mass., also have 
been active in this approach. 

Dissolved-fuel cells depart dra- 
matically from conventional fuel 
technology by mixing fuel with the 
electrolyte and using a non-porous 
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anode. No reaction occurs except at 
the anode surface. A conventional 
oxygen diffusion cathode generally 
is used, but dissolved oxidants, such 
as hydrogen peroxide, may be sub 
stituted 

Methyl! alcohol is the fuel that 
has been studied most, although 


hydrocarbons, such as ethane, at 
pressures up to 800 psi, have been 
reported by Esso. The Esso tests 


are the only successful attempts to 


use hydrocarbons at moderate tem- 
peratures (300 F and lower). Other 
laboratories or scientists investigat 
ing alcohol cells are Union Carbide 


some important experiments with Consumers Products; Prof 
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IDEAS AND APPLICATIONS +3 


The Biochemical Fuel Cell 


The biochemical fuel cell is an electrochemical generator of 
electrical power in which microorganisms are utilized to carry 
out the chemical reactions at one or both of the electrodes. 

Any material, organic or inorganic, that can be utilized by a 
microorganism in its catabolic processes may be used as a source 
of electrical power. An electrode immersed in the products of 
metabolism will exhibit a voltage with respect to a standard 
electrode determined by the chemical species present. 

The current produced is proportional to the rate of metabolism 
of microorganisms and the number of microorganisms taking part 
in the reaction, as well as the number of electrons released in 
the particular reaction. 

Energy available from the reaction is less than that obtained 
in an ordinary fuel cell because the microorganisms use a portion 
of the energy for their own metabolic processes. However, micro- 
organisms have an efficiency in the vicinity of 50%; approximately 
half of the energy available in an ordinary fuel cell will be avail- 
able in a biochemical fuel cell. 

On the other hand, the rate of metabolism of microorganisms 
indicates that biochemical fuel cells may produce more power 
than ordinary fuel cells. Also, biochemical fuel cells can utilize 
fuels that currently are considered waste products. 

Scientists find biochemical fuel cells intriguing because they 
can utilize such fuels as cellulose, sugar, sea water, and even 
sewage. A biochemical system using these fuels may be designed 
to produce a product that would not be considered a nuisance. 

For instance, wood pulp waste could be converted to carbon 
dioxide, water, and precipitated sulfur or sulfur compounds. Or 
raw wood pulp could be converted to glucose that can serve as 
a fuel for other biochemical fuel cell systems. 


continued on next page 








Vielstich of the University of Bonn, 
West Germany; the Institute 
Francais du Petrole, France; Allis- 
Chalmers; and California Research 
Corp., Richmond, Calif. 

A drawback to all alcohol cells 
using caustic electrolytes is the re- 
action of carbon dioxide, a product 
of oxidation, with the electrolyte. A 
great need exists for electrolytes 
that will reject carbon dioxide. The 
electrolyte could be recycled to 
remove carbonates in external ap- 
paratus, but this is an inherently 
expensive approach. Use of acid 
electrolytes, which do not react with 
carbon dioxide, seems more likely 


Coal gasification products 


In the last 10 years, feasibility 
of high-temperature molten carbon- 
ate fuel cells has been demonstrated 
for a variety of fuels. Three major 
projects have attempted to utilize 
hydrogen and carbon monoxide, 
products of coal gasification. The 
projects were carried out at the 
University of Amsterdam and the 
Central Technical Institute T.N.O., 
Netherlands; Sondes Place Re- 
search Institute, England; and Con- 
solidation Coal Co. (formerly Pitts- 
burgh-Consolidated Coal), Library, 
Pa 

Essentially three physical varia- 
tions of molten carbonate cells are 
known: a molten electrolyte held in 
porous ceramic matrices; pasty mix- 
tures of a molten electrolyte and 
inert filler; and a free molten elec 
trolyte. In the latter case, dual- 
porosity sintered metal electrodes 
are needed to prevent electrode 
flooding. 

Several patents integrating coal 
gasification processes with high- 
temperature fuel cells have been 
obtained by Dr. Everitt Gorin, Con- 
solidation Coal Co. Objective is to 
balance heat requirements and 
losses between the steam-coal gasi- 
fier and the fuel cell mounted in 
contact with one another. Such a 
scheme might be used in a large- 
scale power generation unit, and 
could lead to higher efficiency of 
coal utilization than a conventional 
steam-turbogenerator plant. 

A fourth molten carbonate fuel 
cell project, conducted at Curtiss- 
Wright Corp., Quehanna, Pa., con- 
centrated on a propane-air fuel cell. 


Natural-gas cells for homes 


The Institute of Gas Technology, 
Chicago, under American Gas Assn. 
sponsorship, currently is developing 
high-temperature fuel cells to use 
natural gas. One goal is a power 
pack for home installation. 

In most parts of the country, a 
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of energy in the form of gas 
costs the residential consumer only 
one-sixth to one-tenth as much as a 
unit of energy in the form of elec 
tricity. If natural-gas cells can be 
perfected, basic costs would be re 
duced significantly. The low cost of 
transporting and distributing energy 
1s gas to consumers’ homes could 
provide the convenience and versa 
tility of a single source of heat and 
electrical energy 

Development of improved molten 
carbonate cells for natural gas is in 
Because of corrosion and 
decomposition, 


unit 


progress 
long-range studies 
on solid oxide electrolytes to replace 
molten carbonates are underway at 
the Gas Institute and the Ceramics 
Div. of Armour Research Founda 
tion, Chicago 


Direct use of coal 

Westinghouse Electric Co. Re 
search Laboratories, Pittsburgh, has 
been investigating a novel fuel cell 
that may use coal di 
rectly without prior gasification to 
carbon monoxide, hydrogen, or 
methane. The still in the 
laboratory, is a high-temperature 
oxygen concentration cell 

Oxygen in ionized form is trans 
ferred through the electrolyte from 
cathode to anode, where the ions 
up electrons, and combine to 
form oxygen gas again. Oxygen gas 
is removed quickly from the anode 
by reaction with a carbon rod pro 
truding into the anode room. Car- 
bon dioxide then is removed. The 
driving force is the oxygen concen 
tration difference between cathode 
room and anode room 

The Westinghouse cell may de 
velop into a device for central power 
generation from Before this 
can happen, however, some difficult 
engineering problems must be over 
come, particularly in coal handling 
Schemes utilizing fluidized 
feeding may be useful 


technique 


device, 


give 


coal 


coal 


‘Exotic’ military fuels 


Exotic fuels and oxidants are 
under study for many special mili 
Most 
publicized is the sodium fuel cell 
invented by Prof. Ernest Yeager at 
Western Reserve University, Cleve- 
land. Electrochemical reaction of 
sodium with water and oxygen is 
controlled by an amalgam of sodi- 
um in mercury 

A 75-kw prototype of a submarine 
power plant now is being engineered 
by M. W. Kellogg Co. Research & 
Development Laboratory, Jersey 
City, N.J., for the Navy’s Bureau 
of Ships. Including fuel storage, it 
is expected to be about 15 times 
lighter than its equivalent in stand 


tary and space applications 
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ard batteries. Another attraction is 
its high theoretical electromotive 
force of nearly 2 volts 

A similar development, by Hoff 
man Electronics Corp., Los Angeles, 
is a sodium cell that uses bromine 
as oxidant. A special feature of this 
cell is its ability to deliver a massive 
peak pulse as high as 4000 amperes 


per sq ft for 0.1 millisecond 
Magnesium-chlorine and zinc- 
chlorine cells, with sea water as 
electrolyte, have been studied by 
Dow Chemical Co., Midland, Mich., 
and a 20-cell zine-chlorine fuel cell 
battery has been developed by 
Aerojet-General Corp., Azusa, Calif 
Electric Storage Battery Co., Phil- 





Dr. John A. Welsh, president of Flow Laboratories Inc., Arling- 
ton, Va., and Dr. Frederick D. Sisler, of the U.S. Dept. of the Interior 
Geological Survey, Washington, D.C., are two known developers of 


the biochemical fuel cell. 
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THE BIOCHEMICAL FUEL CELL: 
A—wmineral oil seal, 


> 


3—electrode, 


KCL agar bridge, 
electrode, and 





Sisler’s prototype unit (see diagram) is composed of two sec- 
tions containing inert electrodes—an anode section and a cathode 
section—separated by an ion-diffusion bridge. A mixture of sea 
water containing organic matter as fuel and bacterial cells (or 
enzymes) as a catalyst is placed in the anode section. The cathode 
section contains sea water and oxygen. 

Essentially the energy released comes from bacteria “burning” 
the organic matter, but the cell design is such that the energy is 
released as electricity instead of heat. * 





z 








solution containing reductants, electrolytes, and catalysts, 


solution containing oxidants and electrolytes. 
The prototype unit shown is being developed 
by research workers of the U.S. Geological Survey. 














idelphia, has reported a zinc-oxy 
gen fuel cell battery 

Hydrazine is another exotic fuel 
attention Mon 


santo scientists have been studying 


receiving recent 
fuels that dissolve in caustic electro 
lytes to be reacted in their soluble 
reactant” fuel cell. Some of thei 
best results have been obtained with 
hydrazine as the soluble fuel and 
hydrogen peroxide as the soluble 
oxidant 
Regenerative cells for space 

In power systems for space ve 
hicles, it is essential to use the sun 

i primary source of energy. Con 
recharged 
with electricity from silicon solar 


ventional batteries are 


cells. Fuel cells eventually may re 
place conventional batteries to ob 
tain higher power per weight and 
power per volume ratios 

At least three hydrox cells are 
being adapted to regenerative oper 
ition, with hydrogen and oxygen 
being regenerated by electrolysis of 
the water formed in fuel cell opera 
tion. General Electric is using a 
cation-exchange membrane cell, and 
Pratt & Whitney is working on an 
iqueous caustic cell. In the latter 
case, separation of liquids and gases 
in gravity-free fields is difficult, so 
P & W is emphasizing development 
of a special vortex separator 

Electro-Optical’s aqueous caustic 
cell differs in that the electrolyte is 
held by capillary forces in packed 
isbestos fibers. No difficulties in 
zero-gravity fields are claimed 

Since hydrox cells with cation 
exchange membranes often show 
mediocre oxygen electrode perform 
ance, bromine was substituted for 
oxygen as the oxidant in the Ionics 
Inc. cation-exchange cell. Electric 
ity from solar cells is used to re 
generate bromine from hydrogen 
bromide, the product of electro 
chemical oxidation 

In some regenerative schemes, the 
hydrogen and oxidant are regener 
ated in the cell, which serves as both 
fuel cell and electrolyzer. Mem 
brane degradation problems some 
times arise during the regeneration 
step when cation-exchange mem 
branes are used as electrolytes 
However, regenerative cells with 
ion-exchange membranes are far 
enough advanced to permit the first 
test in orbit. GE recently has ob 
tained a contract to prepare a 30 
day space test of two 50-watt fuel 
cell batteries 

A more direct approach to solar 
regeneration of fuel cells is to use 
photochemical effects of sunlight 
Sunstrand Turbo Div. of Sunstrand 
Machine Tool Corp., Pacoima, 
Calif., is developing a cell that uses 
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ITS PROMISE OF PRECISION 


NIAGARA Type “A” air conditioners 
assure that you actually realize all the 
benefits of precise atmospheric con- 
ditioning in your testing laboratory, 
your “clean room” or in your process- 
ing of hygroscopic materials. 

This assurance; temperatures controlled 
to a fraction of a degree, relative humid- 
ity held to within 1%, results because 
this unit, exclusively, can provide satu- 
rated air in such compact space. Its ex- 


tra capacity absorbs sudden peak loads. 
You hold your standard conditions con- 
tinuously, without interruption. With 
its simple, inexpensive control you can 
vary your standard at will and reach the 
new condition quickly. Its range, using 
the Niagara “No-Frost”® liquid below 
the freezing point of water, is through 
140° F. It’s reliability is proven. Service 
records show many machines still pre- 
cise in operation after 20 years’ service, 
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nitric oxide as fuel and chlorine as 
oxidant. If exposed to light, nitrosyl 
chloride, a product of the operation, 
break down into nitric oxide 
und chlorine, for reuse in the fuel 
cell. However, much engineering 
work remains before the 
can be perfected 


will 


process 


Another photochemical scheme in 
an early stage of development at 
Lockheed Missiles and Space Div, 
Calif., is a photosen 
sitized redox cell which uses dyes 
that can be readily reduced in the 
presence of light 


Sunnyvale, 


The ‘Redox’ principle 


Regenerative fuel cells are not 
to space applications. In 
some instances, it may appear de 
sirable to “chemical 
fuel” such as a stannous salt, from 
its oxidation product (a_ stannic 
alt) by reacting the stannic salt 
1 conventional fuel in a non 
electrochemical reaction 


limited 


regenerate a 


with 


Thus, a conventional fuel such as 
which is difficult to oxidize 
electrochemically, might be utilized 
indirectly. This is an example of a 
redox,” or chemically regenerative 
fuel cell. Although the redox prin 
ciple is attractive, developers have 
found that engineering problems are 


formidable, and interest lags today 


coal 


MEN and 
microscopes 


RESEARCH 


of research, 
of the 


consider 
nation's 


An interesting concept that can 
be applied to any available source 
of heat is the thermally regenerative 
fuel cell. The chemical fuel and oxi 
dant are regenerated from the oxi 
dation product by heat. The com- 
plete cycle of power generation, 
followed by regeneration, consti 
tutes a heat engine, and is limited 
by the Carnot efficiency. Projects 
in this field are limited to heat from 
nuclear reactors, but it is possible 
to use heat from combustion of fossil 
fuels, or heat from solar collectors 

Well-known thermally regenera 
tive fuel cell developments by 
MSA Research Corp., Callery, Pa., 
and the Thompson Ramo Wool 
dridge Tapco Group, Cleveland, use 
nuclear heat with lithium as “fuel” 
and hydrogen as “oxidant.” Electro 
lytes are molten lithium halides 

Two types of power plant prob- 
ably will be sought: a space vehicle 
power pack for zero-gravity opera- 
tion, and a larger-scale power plant 
for terrestrial application. Because 
gas-liquid separations ordinarily are 
effected by gravity, space applica 
tions certainly will pose a problem 


Double-skeleton catalyst 


Recent projects are concerned 
with improving electrodes and elec- 
trolytes for fuel cells. One of the 
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San Antonio, Texas 


most novel disclosures is the “DSK” 
double-skeleton catalyst) electrode 
invented by Prof. E. Justi in Ger 
many. Patent rights are assigned to 
Ruhrchemie A.G., and Steinkohlen 
Elektrizitat A.G. 

The DSK electrode uses a micro 
scopic supporting skeleton of sin- 
tered nickel containing a submicro 
scopic skeleton of disordered Raney 
metal, an active catalytic substance 
Fabrication variations that permit 
unusually high current densities at 
low temperatures have been des 
cribed for both hydrogen and oxy- 
gen 

Research on fuel cell electrode 
catalysis also is growing in impor- 
tance. Engelhard Industries Inc., 
Newark, N.J., is studying noble 
metal catalysts to improve utiliza- 
tion of liquid organic fuels at low 
temperatures. Another long-term 
objective of investigators at West- 
ern Reserve, Worcester Polytech 
nic, Alfred University, and the 
Naval Research Laboratory, is to 
find catalysts that improve the per 
formance of oxygen electrodes. 

Carbon electrodes still are impor 
tant, despite increased use of metal 
electrodes in recent years. Speer 
Carbon Co., Niagara Falls, N.Y.; 
Union Carbide Consumer Products; 
and the Signal Corps R&D Labora- 
tory are working on this problem 
Thin, flat carbon electrodes with 
better control over wet-proofing and 
carbon properties should be the 
outcome. 

In all electrolytes operating be- 
low the boiling point of water, re 
jection of product water can be a 
problem. Union Carbide recently de- 
scribed a novel way to attack this 
problem. The diluted electrolyte so 
lution is circulated to an outside 
vessel where a hydride is added to 
react with the water. Hydrogen is 
liberated for added fuel value, and 
a concentrated electrolyte solution 
is returned to the cell 

Fundamental studies to under- 
stand the action of molten carbon- 
ate electrolytes are underway by 
Prof. B. R. Sundheim, New York 
University, and Prof. G. J. Janz, 
Rensselaer Polytechnic. These pro- 
jects may lead to improved electro- 
lyte mixtures for high-temperature 
fuel cells. 

The future of fuel cells in the 
spectrum of power conversion de- 
vices appears to be assured, even 
though cost, convenience, efficiency, 
and weight are not yet optimum 
The basic background in electro 
chemistry has established the feasi 
bility of a diversity of fuel cell 
concepts. The cells themselves will 
follow shortly 7 








HOW ADVANCED IS THE ART OF ENERGY CONVERSION ? 


Chemical—Electrical: Fuel.-Cells. The direct conversion of chemical energy to electrical energy 
via fuel cells has for years been regarded as a great potential power 
source. The problem has been to translate theory into practical, produc- 
ible devices. Recent prototype testing indicates this need may now be met. 

o The men at Leesona Moos Laboratones 

are responsible for a good deal of the 

early research on fuel cells. Present work is 

in two main areas: the hydrogen-oxygen 

Hydrox® cell, and hydrocarbon-air Carbox® 

cell. Thus far, prototypes of such cells have 

demonstrated good pe rlormance. Outputs 
with hydrogen equalling 150 watts per Sq. 
ft. of elec trode are readily ac hiev able. 

The Hydrox® cell can be designed as a 
regenerative unit which utilizes the same fuel and oxidant over and over. 
or as a non-regenerative unit which produces potable water as a 
by-product. The Carbox cell, still under development, offers the 
advantage of more economical tuel. 

a--A typical Hydrox*® Fuel Cell test batte ry ws shown here. Fig. A shows 
the complete assembly and Fig. B indicates the internal fuel cell 

electrodes. It is but one of many configurations designed by Leesona 

Moos Laboratories. 

gw —Leesona Moos Laboratories has been actively involved in the field 
of energy conversion for 13 years. Thermoelectric, electrochemical, and 
nuclear power sources, ranging from megawatt reactors to microwatt 
batteries, have been investigated. Some of these are offered as products, 
for example, the Dynox® solid state battery, Raypak* nuclear power 
pack, and Betachron® nuclear timer. An informative brochure on current 
state of energy conversion tec hniques with emphasis on fuel cells 1s 


available from Department 51. 
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when two materials are joined and heated, a potential 


difference results... the phenomenon is the basis 


for new heating, cooling, and power generation 


THERMOE LECTRI 


@ THE FIRST OF STATIC energy con 
verter techniques to move out of 
the laboratory, thermoelectricity is 
ready now to perform unique new 
military, industrial, and commercial 
functions, as well as to simplify 
existing problems 

Under development, for instance, 
are small-volume refrigerators for 
home, auto, boat, and plane use; 
devices for cooling electronic com 
ponents, photomultipliers, and light 
fixtures; and large volume refrigera 
tors for submarine air-conditioning 
This is but a partial list of the many 
applications for thermoelectricity 

Little overlapping of applications 
will occur between thermoelectric 
and thermionic devices because of 
operating differences in the two 
principles. While the working fluid 
of both thermoelectricity and 
thermionics consists of electrons, 
the heated electrons in thermoelec 
tric devices are emitted into a solid 
and thus operate at relatively low 
In thermionics, heat 
emitted into a 
vacuum and such devices must op 
erate at high temperatures 

In spite of enormous advances 
thermoelectric devices are not yet 


temperatures 
ed electrons are 


ready to become competitive with 
steam turbine generating machinery 
and compressor refrigeration equip 
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ment. A proper balance first must 
be achieved between the factors in 
fluencing the and per 
formance characteristics of thermo 
electric devices before the full im 
pact of thermoelectricity can be felt 
in industry 


economics 


How thermoelectricity works 


The principle underlying thermo- 
electricity is not new, but rather 
has been given new impetus as in 
vestigators gain new insights into 
thermoelectric effects. Basically, 
when two differing materials are 
joined, a contact difference of po- 
tential appears at the exposed ter- 
minals. The potential difference 
increases as the temperature of the 
joint increases, as compared to por 
tions of the materials away from 
the joint. This fact was discovered 
more than 100 years ago and has 
used extensively in thermo 
couples (chromel-alumel, for ex 
ample) for temperature measure 
ment 

If the voltage is to be useful as 
source, the materials in 
volved must be of low electrical re 
sistance so that a high current can 
flow. For efficient generation of 
power, materials must have a high 
thermal resistance to minimize the 
heat that flows through the device 


been 


a power 


without performing work. This com- 
bination of requirements is not ful 
filled by either metals or insulators; 
only a special class of semiconduc- 
tors of fairly recent origin ( bismuth 
telluride, zinc antimonide, and ger 
manium telluride) can qualify 

The same requirements hold for 
thermoelectric heat pumps where 
thermoelectric cooling particularly 
was impractical prior to the devel 
opment of new materials 

Semiconductors offer another ad 
vantage in heat pumps since both 
positive (p) and negative (n) type 
materials are available. In an n-type 
material or a metal, when one end 
of the material is heated, electrons 
tend to migrate away from the heat 
and accumulate at the cold end to 
set up a difference of potential be 
tween the ends 

In a p-type material, holes mi 
grate under the influence of heat 
and set up a potential of opposite 
polarity. If the thermocouple is 
formed by a junction of p and n 
materials, these two potentials add, 





























by Dr. W. B. Green, 
section manager, Semiconductor Dept., 
Westinghouse Electric Corp. 


THERMOELECTRIC generators 

obtain their power 

from Seebeck voltages produced 

by the redistribution 

of charges by temperature. 

Heat of the flame (1) 

causes the mobile charge carriers 

to move away from the hot 

unction. A thermoelectric 

backpack cooling unit 

2) provides a constant 

temperature inside the protective suit. 
Heat of isotopic 

radiation in the space 

power supply model (3) 

is applied to tubular 

thermoelectric elements. 

A heat exchanger dissipates the heat. 
A new one kilowatt solar power 
thermoelectric generator 

for space vehicles operating near Mars 
(4) has been conceived 

by General Atomic engineers. 

The unit weights 80 lbs. 
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making a larger voltage available 
than possible otherwise 

Since thermoelectric material in 
herently is of low electrical resis- 
tance, a device usually consists of 
a number of couples mounted be 
tween two heat sinks and connected 
electrically in series and thermally 
in parallel. To use this device as 
a heat pump, power is supplied to 
the couples and heat is pumped 
from one sink to the other. As a 
generator, heat is supplied to one 
sink and extracted from the other; 
power is generated by the couples 

Thermoelectricity offers the only 
static means of pumping heat, but a 
variety of other static power gener 
ators such as MHD (magnetohy- 
drodynamics), thermionics, and 
fuel cells now are under study. At 
first glance, a competition whose 
outcome is not yet clear appears to 
exist. Quite the contrary is true, 
however. Each of these devices has 
unique features that lead to areas 
of application generally not over 
lapping 

For example, MHD operates at 
very high temperatures, thermionics 
it intermediate temperatures, and 
thermoelectrics at relatively low 


temperatures ( presently to 1100 F 


Fuel cells are limited at present to 


fuels, whereas thermo 
generators use any heat 


particular 
electric 
souUTCe 
Any heat—any fuel 


As you survey the spectrum of 
possible thermoelectric 
ipplications, the most 


generator 
striking 
single feature is the versatility re 
sulting from the satisfactory utili 
zation of any available heat source 
Heat from the direct combustion of 
iny fuel, from nuclear processes, or 
from the exhaust of some chemical 
or metallurgical process is equally 
applicable It is rumored that the 
Russians once offered an Arabian 
potentate a generator to be oper 
ited by the heat of burning camel 
dung 

An example where conventional 


olutions are sufficiently undesira 


STRIAL RESEARCH 


ble that thermoelectric generation 
already is feasible is in corrosion 
control. Whenever a gas well casing 
or gas pipeline goes into the ground, 
an electrochemical reaction takes 
place. The metal pipe becomes one 
electrode in a battery; the dissolved 
minerals in the ground become the 
other electrode. A small current 
flows and with it move ionized 
atoms of the pipe materials. This 
movement, called galvanic corro 
sion, eventually leads to pipe fail 
ure and costly replacement. 

The cure for galvanic corrosion 
is widely known and successful. A 
small voltage of opposite polarity 
is impressed between the pipe and 
carefully constructed ground bed 
Thus galvanic voltage is cancelled, 
and corrosion stops. It is simple in 
principle, but difficult in practice 
when the casing or line is in an 
isolated location. In this situation, 
a transmission line from the nearest 
source of power can be installed to 
lower the voltage and rectify it to 
d-c. Alternatively, a motor-genera 
tor can be installed to supply the 
required power directly 

The former solution requires con 
siderable capital; the latter, constant 
maintenance. But a thermoelectric 
generator in this application can be 
heated directly by the immediately 
available and inexpensive gas. Low 
voltage, low resistance output of 
the generator directly matches low 
resistance of the pipe-to-ground 
circuit 

Waste heat seems to offer limit 
less opportunities for exploitation 
Take the jet plane for example. Im 
mense quantities of heat pouring 
from jet engine exhaust perhaps 
could be used for thermoelectric 
generation of power required for 
lighting and air-conditioning the 
cabin. Ground supplies already han 
dle the load until warm-up occurs 
It doesn’t matter that a thermo 
electric device is compartively in 
efficient, because the heat is free 


The only pertinent questions seem 
to be reliability and initial cost. 

Generators already have been 
made to operate from natural gas, 
gasoline, fuel oil, istopes, nuclear 
fission (both inside and outside the 
reactor), and other waste heat. It 
is clear that many applications of 
thermoelectric generators will result 
from their adaptability to any fuel 
or any heat. 


Static devices are quiet 


Thermoelectric devices, whether 
heat pumps or power generators, 
are static in operation and there 
fore quiet. This quality is useful in 
many ways. Submarines, for ex- 
ample, often must wait nearly mo- 
tionless with all sensors alert for 
the enemy. The power requirements 
for propulsion are small or non- 
existent here; the load is required 
only for living and listening. 

A thermoelectric power generator 
operating from boiling water in the 
reactor heat exchanger could supply 
this load readily. The noises of 
turbines and generator thus would 
disappear. It is probable that the 
materials and technology exist now 
to accomplish this operation 

Thermoelectric heat pumps are 
equally useful in a submarine since 
conventional air-conditioner com 
pressors are a constant source of 
noise. A thermoelectric heat pump 
could air-condition a submarine 
readily, pumping heat from the ship 
and dumping it in the ocean. For 
operation in cold water, a reversed 
polarity input to the thermoelectric 
heat pump will remove heat from 
the ocean and use it to warm the 
heating system water in the boat 
Again, materials and devices now 
are available to provide operation 
in performance, in many instances, 
to the compressor. 

In 1955, the Navy and Westing 
house jointly funded a large-scale 
project to develop thermoelectric 
materials with efficiencies adequate 





to perform the required operations 
One of the results of the program 
was a five-kilowatt propulsion power 
supply prototype. Delivered in 1960, 
it is the largest thermoelectric gen- 
erator built to date. 


Static devices do not wear out 


The lack of moving parts means 
no wear, no maintenance, and long 
life. Static devices in marker buoys 
already are saving a great amount 
of money for the Coast Guard. To 
do maintenance work on a buoy, 
which may be 30 ft tall and weigh 
several tons, a tender must hoist it 
from the water and return it to port. 
The cost and difficulty of the opera- 
tion argue strongly for a major 
effort to minimize maintenance. 

The light systems on the newer 
buoys are battery-powered blinkers. 
With finite battery life and high 
maintenance costs, this system pro- 
duces electricity at $8 to $9 per 
kilowatt hour. A thermoelectric gen- 
erator burning propane gas could 
charge these batteries constantly. A 
generator operating with only a 2% 
overall efficiency from fuel to power 
could be expected to cut power costs 
to about $1.50 per kilowatt hour. 
Such devices are now feasible. An 
even more impressive improvement 
will result when low-cost isotopes 
are available to supply a long-lived 
source of heat. 

As NASA and the Air Force ex- 
tend their space programs to more 
sophisticated satellites and rockets, 
the problem of a power source be- 
comes ever more acute. Reliable, 
long-lived operation is just the be- 
ginning; here, weight and ability to 
operate free of gravity also are 
prime considerations. Solar cells 
adequate for small orbiting vehicles 
would fail in the black of a lunar 
night and require too much space 
for the larger vehicles anticipated 
in the future. 

The heat source, by common 
agreement, will be nuclear. Small 


SUB-GENERATOR ? 


devices will have radioisotope 
sources, and large units will operate 
from small reactors using sodium, 
potassium, or sulfur in the heat 
exchanger loops. 

Temperatures supplied by these 
sources indicate that presently 
available thermoelectric materials 
should suffice. The high efficiencies 
desired eventually may lead to 
thermionic-thermoelectric com- 
bined units where the higher tem- 
perature thermionic device supplies 
its exhaust heat to a thermoelectric 
device. 

A typical power supply will con- 
sist of a small nuclear reactor cen- 
trally located within the spaceship. 
The reactor will heat liquid sodium 
flowing in a heat exchanger loop. 
Outside the reactor (at a tempera- 
ture of perhaps 1100 F), the sodium 
will pass through thermoelectric 
modules and then back into the 
reactor. After flowing through the 
thermoelectric material, the heat 
will be exhausted into a_ second 
liquid loop at perhaps 575 F. The 
second liquid loop will pass into a 
radiator assembly made as an in- 
tegral part of the vehicle’s skin. 
This skin will lose heat to the ex- 
ternal vacuum solely by radiation 

Such systems become desirable 
when about 100 watts of power are 
required, and probably are manda- 
tory above a few hundred watts. It 
seems unlikely that thermionic sys- 
tems will be available soon or that 
electromechanical systems will have 
the desired reliability. In view of 
this, thermoelectric systems appear 
to be an almost certain choice 

One final characteristic of ther- 
moelectric generators makes them 
promising for both Army and civil- 
ian uses. A single thermocouple has 
an output determined by its size, 
material, and operating tempera- 
ture. Characteristically, the current 
will be several amperes while the 
voltage will be less than one-tenth 
of a volt. A generator consists of a 
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number of these in series, with the 
number determined by the load an- 
ticipated. Output may range from 
milliwatts to kilowatts of d-c power. 

Static inverters using semicon- 
ductor devices can change the d-c 
to a-c with very high (85 to 95%) 
efficiency. In many applications 
where a small amount of portable 
power is required, only a gasoline 
engine-generator set now can be 
used. A small propane-fired thermo- 
electric unit would be both lighter 
and quieter. The Army sees such a 
device as an ideal front-line com- 
munication power supply. Compar- 
able civilian uses for portable, emer- 
gency, or remote applications are 
easy to imagine. 


Cold in small packages 


Man has known how to generate 
cold in a controlled manner for 
many years. The most popular re- 
frigeration method uses a motor- 
driven compressor operating in an 
evaporative-type closed liquid loop. 
But for many applications—cooling 
of electronic components, for ex- 
ample—the size, weight, and noise 
of the compressor have made its 
use undesirable. 

The typical thermoelectric heat 
pump is remarkably simple. It con- 
sists of a series of thermoelectric 
junctions attached on one side to a 
cold surface and on the other side 
to a heat sink. The junctions require 
only a relatively pure d-c current 
for operation. 

Because of this simplicity and 
potential applications for small 
amounts of cold, you would think 
there would be an unprecedented 
rush to use this new device. Curi- 
ously, it now seems that among new 
solid state devices, thermoelectric 
heat pumps will take an unusually 
long time to win acceptance. 

The explanation is simply that 
while a ready market existed for 
transistors among tube users, no 
small amount of cold in useful form 
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existed before. Thus no easy re 


placement market now exists for 
thermoelectric cooling. Entirely new 
concepts must be formulated in the 
minds of engineers previously un 


icquainted with electronic cold 
Keeping components cool 


One of the most useful of the new 
concepts 1s spot cooling In many 
complicated assemblies of compo 
nents, one or a small number of 
components will have characteristics 


affected ad 
operating temperatures 


} 


or reliability that are 
versely by 
itisfactoryv to the rest of the com 
ponent 

An example the 


nsistor 


germanium 
whose characteristics de 
rapidly above 175 F and 
pecomes very poor A 
of 175 F is not serious 
industrial 
products, but in many military ap 


ost consumer and 


plication 
ved by allowing temperatures 
200 Ff 


weight and space can be 


thermoelectric spot cooling 

heat pump will remedy the situa 
tion. The transistor involved can be 
thermally isolated and its tempera 
ture lowered below the surrounding 
imbient. The circuit function then 
unaffected by 


The spot cooling heat pump is 


a high ambient 


other heat pump because 
heat from the cold surface 
t sink which dissipates heat 
iumbient. Power is required 
the pump to operate; this 
it, also is passed on to 
ink. For a small expendi 
we have achieved the 

to cool any particular crucial 
pot below its surrounding ambient 
An extension of this principle is 


illustrated in an application made 


by GPL Div., General Precision 
Inc., Pleasantville, N.Y., when faced 
with the problem of building a 
closed-circuit television system to 
operate in a high temperature am- 
bient. The ambient temperature was 
too high for the operation of the 
camera vidicon tube; thus, simple 
blower air cooling was of no value 
A thermoelectric heat pump in the 
form of a yoke was mounted around 
the tube and reduced the tempera- 
ture of the critical area to a safe 
value. The use of a compressor or 
absorption system in this instance 
would have been impractical. 

A true heat pump is entirely re- 
versible: reverse the motive force 
and the direction of heat flow re- 
verses. For a thermoelectric heat 
pump this means reversing the po- 
larity of the input d-c power. Since 
polarity reversal can be handled 
with precision by an electronic cir- 
cuit, another sort of device becomes 
feasible 

A quartz crystal used as a fre- 
quency reference oscillator control 
must be kept at a constant tempera- 
ture to be stable in frequency. The 
present method is to mount the 
crystal in an oven and keep the 
temperature above the maximum 
that the surrounding ambient will 
attain, usually 195 F. It would be 
better from the point of view of 
crystal aging if the temperature 
were below room temperature, for 
example 50 F 

A thermoelectric heat pump 
makes this quite reasonable. When 
the surrounding ambient is above 
50 F, the heat pump cools the crys 
tal. When the ambient is below 
50 F, the pump heats the crystal 
A similar device has performed well 
from minus 75 to 195 F 


The amount of heat that can be 
moved by such a heat pump de 
pends primarily on the amount of 
semiconductor material and how it 
is distributed. As a result, capacity 
in the unit can be designed to match 
exactly the load to which it will 
be applied. This design capability 
is in contrast to compressors where 
only a few standards usually are 
made for economic reasons, and 
where no really small sizes are 
available. A result of this capability 
is that economies will become pos- 
sible, particularly for small refrig- 
erated consumer products. 


The price pattern 
of new developments 


The introduction of new semi- 
conductor devices to the public 
follows a pattern now taking shape 
in the thermoelectric field. Unit 
cost initially is high. As time ad- 
vances and volume increases, prices 
decline. As volume increases, prices 
reach a bottom determined by the 
cost of minimum essential materials 
and labor. Here the price remains 
until and unless major technolog- 
ical advances occur. 

A commentary on our times is 
that at the introduction of a new 
development when the prices are 
highest, the primary market is mil- 
itary and the performance of an 
essential function often makes price 
immaterial. A quiet submarine air 
conditioner or a _ satellite power 
supply, for example, have substan- 
tial military importance. 

The real possibility of a war in 
which nuclear, biological, or chem 
ical weapons would be used has led 
to work aimed at the survival of 
troops in devastated areas. Any of 
the three forms of warfare will de- 


FOUR THERMOELECTRIC generator modules surround 
the shell of a gas furnace manufactured 


hy C. A. Olson 


left) to supply the 130 watts necessary 


to operate the furnace blower. General Precision’s 


closed circuit TV camera (below) incorporates 


a heat pump to maintain low operating temperatures 


for satisfactory operation. 








mand that soldiers function in a 
carefully purified atmosphere 
equally well in tropic or arctic 
weather. 

To resolve this problem, a ther- 
moelectric survival suit, made of 
lightweight but impermeable ma- 
terial that offers some protection 
against chemicals or radioactive 
dust, has been developed. The air 
supply, provided through a filtered 
intake, can be heated or cooled in 
a variety of ways. A simple gas 
burner can warm the air inside the 
suit with a thermoelectric generator 
supplying power to drive a circulat- 
ing fan. Or a battery-powered ther- 
moelectric heat pump and fan either 
heat or cool the air inside the suit, 
depending on the polarity of ap- 
plied power. An identical sort of 
system for atmosphere control can 
be applied to inflatable structures 
and to vehicles with equal success. 

In the next lower price bracket 
are industrial projects, where the 
ability to achieve something unique 
allows a product to command a 
price otherwise unjustified. The ad 
vantages of thermoelectric devices 
for cathode protection, for example, 
are so obvious, that when coupled 
with low fuel costs, an assured 
market is inevitable. Prevailing 
prices soon will be low enough for 
this market, and prototype units 
already are being examined in the 
field. 


Uniqueness influences cost 


Consumer products possessing the 
same unique features also may com- 
mand a price adequate to allow 
fairly early use of new devices. 
Modern outdoor living is an ex- 
ample of an area where the unique 
feature possessed only by thermo- 
electricity can be applied to a large 
market. 

A useful consumer device would 
be a small portable refrigerator and 
oven. A demonstration device for 
thermoelectricity has been built in 
the form of a hostess cart, incorpo- 
rating both an oven and a refriger- 
ator. The oven is a small, conven- 
tionally heated model designed 
primarily to keep prepared dishes 
warm. The refrigerator is cooled by 
a thermoelectric heat pump. 

The hostess cart exemplifies the 
unique type of product for which 
thermoelectricity now is searching. 
The refrigerating function previous- 
ly could not have been performed 
in such a compact portable form. 
While the finished product will not 
have a mass market, it commands a 
market wide enough and price high 
enough to assure success. From an- 
other point of view, it serves both 
to increase volume in an item whose 


ANELEX 


Wherever 
a data 
processing 
system is judged 
by the quality 
and volume of 
document 
production, 

no other 

equipment 
has been able 
to equal the 
speed and 
consistent 
quality or the 
reliability of 
Anelex 
High Speed 
Line Printing 
Systems. 


Further information availiable upon request 


ANELEX CORPORATION 


159 Causeway Street, Boston 14, Massachusetts 
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THE MOWBRAY COMPANY — 


specialists for 20 years in the 
precision fabrication and 
etching of metals — now offers 
THIN METAL PARTS produced 
to your specifications, 

quickly and economically. 


Precision etching techniques 

and strictest controls allow us 

to fabricate all common metals into 
the most complex shapes — any 
hardness, any thickness to .015. 


Contact us about your particular 
problem — any quantity, from a 
prototype to a million. 


Low COST no tooling expense 
RAPID SERVICE ... no tool-making delay 


* UNIFORMITY .. . no tool life factor 


Write or call collect 
for further information 


and quotations. 


G 
Mowbray Company 
23 PECK STREET 
PROVIDENCE, RHODE ISLAND 
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price is volume sensitive and to 
educate the public to the existence 
and potential of thermoelectric heat 
pumps. 

Another novel product, made pos- 
sible only by thermoelectricity and 
entirely feasible with today’s tech- 
niques, is a bathroom heater devel- 
oped by the Lone Star Gas Co., 
Dallas. 

One of the disadvantages of gas- 
fired radiant heaters for bathrooms 
is their reliance on radiation to 
spread the heat. A possibility exists 
that the heat will not reach effec- 
tively within areas obstructed from 
direct view of the heater. Even a 
small blower to move the warmed 
air around the room would add 
immensely to the heater’s efficiency 
and economy of operation. 

The prototype developed by Lone 
Star resolves this problem thermo- 
electrically. The blower-driven cool 
air passes first over the cold side of 
a series of thermoelectric junctions, 
then past the gas burner and into 
the room. The hot sides of the ther- 
moelectric junctions also face the 
burner and are heated by it. The 
power output of the couples drives 
the fan. 


The future: 
lower cost, more uses 

Prospects for thermoelectricity 
are as large or as small as the po- 
tential market. A substantial mili- 
tary market exists, but hardly large 
enough to justify the attention of 
the great number of companies not 
entering the field. The substantial 
industrial market will require lower 
prices than currently exist to achieve 
full potential volume. Finally, if 
prices fall drastically, a very large 
consumer market will become avail- 
able. It is this last market which 
remains to be examined. 

Among gas appliances now avail- 
able, many require some electrical 
connection in addition to their gas 
supply. The gas clothes dryer has an 
electric motor rotating the clothes 
basket and the gas furnace has a 
blower driven by an electric motor. 
Two reasons exist to eliminate these 
external connections. First, it would 
be a substantial psychological boost 
and an economy to the contractor if 
his “all-gas’”” house had fewer elec- 
trical connections. Second, in the 
case of the furnace, a blower powered 
by a self-contained power source 
would operate even if an electrical 
failure occurred, as in a hurricane- 
hit area for example. A storm-proof 
furnace would have important sales 
advantages. 

The C. A. Olsen Manufacturing 
Co., Elyria, Ohio, recently equipped 
a standard gas furnace with ther- 


moelectric generators to power the 
blower motor. The thermoelectric 
generators were mounted directly 
on the shell of the combustion 
chamber. Flame heat provided the 
high temperature, and incoming air, 
passing into the furnace to be 
warmed, served to keep the low 
temperature fins relatively cool. 
When the furnace burner comes 
on, the generators heat, until finally 
they are hot enough to supply just 
enough power to start the blower 
turning and moving a small volume 
of warm air. As temperature rises, 
the generator output increases and 





Your November issue will 
begin a special series 
of articles on selling 
research to the government 





the amount of air moved by the 
blower increases, but the air tem- 
perature stays essentially constant. 
Similarly, on shutdown, air flow 
decreases as furnace temperature 
declines to maintain reasonably 
constant air temperature. This form 
of modulated air flow is another 
plus value added to the independ- 
ence gained from external power. 

Housewives already have indi- 
cated their unwillingness to pay 
extra for scientific marvels that do 
no more than present appliances. 
So to be realistic, the thermoelectric 
device must replace the compressor 
for the same or lower cost. At cur- 
rent prices, one Btu of heat may be 
pumped in a refrigerator for $1 to 
$3 by thermoelectric means, not in- 
cluding the power supply. To real- 
ize a large refrigerator market, the 
heat pump, including power supply, 
probably will need to sell for about 
10 cents or less per Btu. 

The message is clear. A reduction 
of price by a factor of 50 to 100 to 
one is mandatory for full market 
exploitation. The future of thermo- 
electrics is inextricably bound up 
with these unprecedented price cuts. 
Will they occur? There is no clear 
answer, but the lines of attack now 
are obvious. 

New and improved materials are 
very desirable and will relieve the 
problem if realized, but no one now 
associated with materials work can 
visualize a hundredfold improve- 
ment in this area. It is more likely 
that improvement in manufacturing 
techniques will allow a reduction 
in labor costs and will stretch the 
amount of work that can be done 
by a given quantity of present 
materials. @ 
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The one common denominator of the 75,000 technical 
management men in U.S. industry and government is 
their interest in and responsibility for the 14-billion 


dollar a year field of industrial research & development. 


Industrial Research, the only technical magazine for management, was 
created to keep technical decision makers abreast of the applications of 
science. [] Now, after almost three years of service to technical manage- 
ment, Industrial Research begins monthly publication. (Industrial Research 
was founded in January, 1959 as a quarterly, began bimonthly publication 
in 1960, and becomes monthly with this, October, 1961 issue.) [] Along 
with the change to monthly frequency, Industrial Research announces 
7 a new circulation guarantee to advertisers of 50,000 monthly J affili- 
ation with American Research & Development Corp., Boston, a $40-million 
scientifically oriented investment firm listed on the New York Stock Exchange 
¢¥ completion of a modern new glass and masonry office building and mech- 
anical plant in Beverly Shores, Ind. ¢¥ a concentrated circulation, second 
to none, of the technical decision makers of industry and government gf the 
only editorial content that repeatedly emphasizes the profitable end result 
of this nation’s annual $14-billion research and development expenditure. 

Write for our market data sheets showing the size and shape of the 
technical management market, how to sell your R&D capabilities, how to 
produce command decisions on technical sales, and the analyses of Industrial 


Research circulation by industry, category, title, and government agency. 


INDUSTRIAL RESEARCH Beverly Shores, Indiana 
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A compelling challenge —to assist 
ital -Mmeladale)er-tellor- TIN Mmar-laleiier-]e)el-1¢ Mg) 
performing the simple and rewarding 
manual functions that lead to richer, 
More useful lives. 


Working with orthotic and prosthetic 
specialists in hospitals and medical 
schools, Fairchild Research and De- 
velopment personne! have done con- 
siderable experimentation in this 
field with strain gauges, special as- 
semblies and Micrologic components. 
Using these elements as sensing, 
logic, control, and feedback building 
blocks, it is thought that human 
mechanisms for commanding and 
verifying body motions may be close- 
ly approximated. 

Problems are myriad. The challenge 
great. The rewards immeasurable. 
We believe it a worthy goal to unlock 
doors in the Human Horizon. If you 
would like to share in a challenge 
such as this, and yours is a relevant 
background, we would like very much 
to hear from you. 
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THE RESEARCH 


October, 1961 
Dear Sir: 


Concentrated efforts to discover and develop new energy 
conversion schemes--the theme of this entire special issue of Industrial Research-- 
have led to the investigation of hundreds of processes, And the search for new 
methods of meeting the immediate demands of future space travelers and commercial 
and industrial power requirements is expected to continue unabated, 








Frontrunners in the energy conversion field appear to be 
thermoelectrics, thermionics, fuel cells, and magnetohydrodynamics (MHD), with 
fuel cells representing the most advanced state of product development, 








fuel cells 


A regenerative fuel cell, with efficiencies claimed to exceed 50%, 
has been developed by scientists at Armour Research Foundation, Technology 
Center, Chicago 16, Using a prepackaged chemical system, the cell can be 
transported easily to remote areas of the globe or launched to future manned space 
stations, The ARF system uses liguid electrodes to provide a constant conversion 
of heat energy to electricity, Spent chemicals are regenerated while hot chemicals 
are being discharged and decomposed to give electricity, 











Electric Storage Battery Co.'s Exide Industrial Div,, 2 Penn 
Center, Philadelphia 2, has demonstrated a model of a fuel cell-powered 
futuristic monorail system as a possible application of fuel cell power sources that 
are part of a long-range development program, An operating model of a fuel cell- 
powered midget automobile and the first full-size fuel cell developed experimentally 
for electric industrial materia! handling trucks also were revealed, 

















An entirely new concept in electrode design for fuel cells has 
been developed by Yardney Electric Corp, , 40-50 Leonard St,, New York 13. The 
concept involves the use of electrodes treated with radioactive isotopes to provide 
an impressive decrease in polarization as compared with untreated electrodes, An 
extremely flexible plate design may be developed, according to Yardney investigators, 
The use of oxygen electrodes made of sintered porous silver would permit the 
construction of a simplified cell design resistant to environmental stresses, 











Important commercial and military applications are promised by 
the Fuelox cell developed by Ionics Inc,, 152 Sixth St. , Cambridge 42, Mass, 
The cell has demonstrated high power output of 40 watts per pound and is said to be 
capable of up to 10 times this output, The lightweight fuel cell is being developed 
to generate electric power in satellites and space vehicles under a $49,381 contract 
awarded by the Electronic Systems Div., U.S. Air Force Systems Command, 
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thermoelectric generators 


The first thermoelectric generator made of ceramics has been 
developed for the U.S, Army by Minneapolis-Honeywell Regulator Co,, 2747 Fourth 
Av., S., Minneapolis, (See photograph No, 1.) Capable of operating at unusually 
high temperatures--up to 2400 F, the unit produces four times the voltage of the 
more common intermetallic thermoelectric generator, A pilot model delivered to 
the Army's Picatinny Arsenal, Dover, N.J., is designed to deliver 100 volts under 
no load, 





The generator is made like a 14-layer cake, with nickel oxide 
sprayed on one side of each layer, and platinum on the other, Use of nickel oxide 
permits operation of hot and cold junctions at higher than normal temperatures, 
The resistance of the thermopile therefore is reduced and appreciable currents 
are supplied, 








solar energy 


The entire power conversion system for the Ranger Lunar 
Spacecraft, which on Aug, 23 went into an orbit hugging the earth instead of the 
hoped for elongated, egg-shaped orbit, is performed by nine modules 8 by 8 by 2 in, 
each in size, Developed by ITT's Industrial Products Div, , San Fernando, Calif., 
the system includes a synchronizing generator containing more than 300 miniature 
components with about 1,000 different connections, The Ranger was designed to 
operate from power supplied by the sun and a 125-lb silver zinc battery, The 
battery provides power to run the spacecraft prior to acquisition of adequate 
energy from the 8 ,680-celled solar panels, and acts as a backup source to the 
solar supply when the craft is deep in space, 




















A prototype of a small self-contained electric power plant and 
pumping unit capable of improving the standard of living in underdeveloped areas of 
the world has been built by Westinghouse Electric Corp, , 30 Gateway Center, 
Pittsburgh, in cooperation with the University of Wisconsin's Solar Energy 
Laboratory, Madison, (See photograph No, 2.) A 50-watt power plant that converts 
the heat of sunlight into electricity by means of a thermoelectric generator, the 
unit uses an 8-ft parabolic mirror to gather sunlight and focus it on the thermoelectric 
generator containing 72 thermocouples, A larger solar-thermoelectric generator 
system, now under development, has been operated at part power, This unit will 
have a capability of up to 200 watts of electric power, 




















A $79,800 Air Force contract to continue the development of a 
unique solar energy converter for the Aeronautical Systems Div, , Wright-Patterson 
AFB, Ohio, has been awarded to National Research Corp. , 70 Memorial Dr. , 
Cambridge 42, Mass, The new conversion technique offers possibilities of 
substantial weight reductions over conventional silicon cell systems now in use, 











The Boeing Co, , Seattle, is testing silver-cadmium cells for 
integration into a system concept for a satellite power package, Developed by 
Yardney Electric Corp,, the cells are undergoing evaluation as replacements for 
nickel-cadmium batteries in solar cell accessory power systems, They are expected 
to allow operation at greater depths of discharge and higher charging rates than 
previously feasible, for important weight savings, 
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A solar-powered Stirling-cycle engine that uses air as the working 
fluid was displayed at the recent United Nations Conference on New Power Sources 
by Battelle Memorial Institute, 505 King St., Columbus 1. The sun's rays can be 
focused by a mirror through a quartz dome on top of the cylinder to heat the air 
inside. As the air expands, it forces down a piston which turns a crankshaft, 
Battelle scientists now are working on a regenerative-type engine, 








magnetohydrodynamics 


Ceramics, rather than iron and steel, have been shown by 
Westinghouse scientists to be the best substances discovered so far for holding in 
check the high temperatures gases from which electric power is obtained in MHD 
generators, An experimental generator, with ceramic-lined walls, was operated 
continuously for a record 50 minutes. Usual operating period for such generators 
is only a few seconds, 

















Although the problem of long-time, large-scale MHD power 
generation is yet to be solved, the ceramic materials studied by Westinghouse are 
the first step toward the kinds of materials that may make MHD power feasible. 


In the tests, magnesium oxide performed the best and zirconium oxide showed good 
endurance, 





thermionics 


A flame-heated thermionic generator that burns a mixture of 
propane and air has been developed by Atomics International, a division of North 
American Aviation Inc, , Canoga Park, Calif, The first time that conventional fuels 
have been used successfully to obtain the higher temperature required to operate 
an efficient thermionic converter, the device demonstrates the feasibility of 
developing compact, lightweight, silent power systems for a variety of practical 
applications, 
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\nother pioneering concept in the interpretation of practical scientific advances—the 
RESEARCH TRENDLETTER WEEKLY— will be published as the result of a continuing, 
three-year demand by readers of the Trendletter section in this magazine. 

If you are among I*R readers who have found the Trendletter section useful, you will be interested 
in our plans for expansion and development of the Trendletter into a weekly service. 

When publication begins this winter, the weekly Trendletter will replace the monthly section in 
Industrial Research. The weekly Trendletter will be similar to the section in the magazine, 
but in addition will 

» Keep you appraised of your competitor’s latest developments 

s Relate news of defense and industrial contracts to their possible impact on your 


company and on the stock market 


s Present applications of research in product development weeks before they appear in the 


technical press 

s Point up trends in scientific research and technical advancement. 

se Describe what acceptance a new development is likely to have, and what project or process 

might render obsolete 

s Provide an idea file (three-ring punched) complete with source information for detailed reference. 

The Research Trendletter Weekly will do all these things every seven days—arriving air mail 
with Tuesday’s development news the morning of every Wednesday. 

Your time is your most valuable business asset and working tool. The Research Trendletter Weekly, 
which will carry no advertising, is designed specifically to conserve the time of management men 
responsible for the results of industrial research and for R&D investment. Written on 
Monday and Tuesday, it will be sent to you air mail to arrive on 
your desk each Wednesday morning—52 times a year. 

The Trendletter’s new emphasis will be on speed 
of reporting. You will regularly have news of new scientific 
iccomplishment six to eight weeks before it appears in the press. 

Che Research Trendletter Weekly also will emphasize 

fitability of research, the competition in research projects, 

ds in research and development, and the interrelationship 
cience and marketing. It will report military and industrial 
racts and their effects on your firm and on the stock market. 

w will the Research Trendletter Weekly accomplish all this? 

weekly Trendletter will be a national weekly technical service—the only one 
h Industrial Research, the first and only technical magazine for management. 
ie of this close connection—this day-in, day-out working contact with Industrial 
h editors, consultants, technical analysts, and the famous Industrial Research Editorial 
Board—the Trendletter will furnish you with a unique scientific-management 
service 
reader of Industrial Research magazine, we invite you to do this: 
nsider what you want out of a national weekly service providing you with 
scientine information 
he Research Trendletter section in this or any other issue of Industrial 
how such information would be of use to you if presented as a weekly, air mailed 
the significant accomplishments of research before they appear anywhere else. 
the uniqueness of this service with any other financial, technical, management, or 
vice costing up to $150 or more 
do that, you probably will want to take us up on our Charter Subscription Offer 
ial reduced pre-publication rates 
our Special Pre-Publication Offer: as a Charter Subscriber, you will receive the Research 
Weekly at $50 annually—a savings of $25 a year over the regular price of $75. (It’s tax deduct- 
firm does not pay the subscription cost.) We cannot repeat this offer after publication begins. 
Later, next winter, after you begin receiving the Trendletter each week, if you do not find it is 
t helpful service that money can buy, simply return the issues received with a note 


your honest opinion, and we will return your full payment. 





Industrial Research Inc. is the pioneer among publishing companies in filling 
the information gap between invention and production, between research and 
industry, between one science and another, and between scientists and manage- 
ment. The Research Trendletter Weekly—through speed of reporting and inter- 
pretative ability—presents a solution to the problem of how do you keep up 
with the significant scientific information from among the mass of technical 
data being published today. The Trendletter will arrive on your desk every 
Wednesday morning, with Tuesday's news... simply fill in the coupon below. 





‘nter a one-year advance subscription (52 issues) to the Research Trendletter Wee Kely: 


TITLE 





STATE 


‘. RESEARCH 
somone  xTRENDLETTER 


you are entit 


CHARTER 
SUBSCRIBER 


full year (12 issues) of 


\, as an additional bonus BEVERLY SHORES, INDIANA 
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SHR SSRRSRRER SEES SHEERS SESE SESE SES SEE SESE SESE ESE ES 





y Industrial Distributors (Sales), Ltd. 





Each of these 

jobs is done 

better and cheaper 
with natural diamonds 


Here are four cutting and grinding operations 


being performed with industrial diamonds. 


Three of them were once done with other 


* 


kinds of tools. One couldn’t be done 


ew Cs gee EE ore 


at all, were it not for the unique combination 


of properties that only diamonds 


; 


possess —excellent cutting ability coupled 


with fantastic endurance. 


Result: your people spend less time 


changing tools, more time actually producing. 


If you cut, sharpen or smooth in your business, 
you can probably use diamonds to advantage. 
Test them against the method you re using. 
You'll find out how efficient — and economical — 


a diamond can be, especially now. 


Best grit for metal-bond wheels developed by the 
Diamond Research Laboratory in Johannesburg 


A new impact crushing method for natural 
diamonds is producing the strongest and most 
durable diamond grit ever obtained for 
metal-bond wheels. Your tool and wheel 
manufacturer is ready to help you select the 


diamond tool that’s right for your job. 


1 Dressing Grinding Wheels that groove propeller 
shafts for Evinrude Motors, Milwaukee. Cutters are 
powdered metal matrix impregnated with small, blocky 


natural diamonds. They show no wear after months of use. 


2 Boring and Facing Aluminum pinion carriers for 
Chrysler ¢ or poration, Detroit. Dimensions are held within 
+ 001 inch, producing finishes to 20 microinches. Con- 
ventional tools could not withstand aluminum’s abrasive- 


ness, nor meet these tolerances 


3 Grinding Synthetic Sapphire and quartz rods with dia- 
mond grinding wheel. Tolerances for diameters: + .0002 
inch; concentricity + 0002 inch. After trying every 
other grinding method, this diamond-coated unit was in- 
stalled by Duncan-Inglewood, Inc., Inglewood, Calif. Rods 


are now being turned out on a production basis. 


4 Band-Sawing Optical Glass. New diamond-coated 
band-saw blade cuts optical glass to pattern shapes at 
Dia-Chrome, Inc., Glendale, Calif. Diamond band saw 
can-also cut reinforced plastics, ceramics, marble. Thin 
materials can be cut without coolant; dense materials 


require water or water-oil emulsion 


Industrial diamonds cut practically everything... especially your production costs 
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electrical ion engines 


The electrical (or electrostatic) ion engine will be given its first 
space test late in 1962, according to the National Aeronautics & Space Administration, 
RCA's Astro-Electronics Products Div. , Princeton, N.J., is designing and building 
seven capsules to be used in ground and space tests by NASA, Cesium-fueled and 
mercury-fueled ion engines are being developed by Hughes Aircraft Co,, Los Angeles, 
and NASA's Lewis Research Center, Cleveland, Advantages of the ion engine over 
chemical jet engines are small size, low fuel consumption, and the capability of 
being reignited at any time while in flight. 














Methods for controlling and measuring the amount of cesium used 
in an ion propulsion engine for spacecraft are being studied by Dresser Industries 
Inc,, Dallas 1, under a contract awarded by NASA, 








Current production of cesium in the U,S, is only a few hundred 
pounds, but steady growth is predicted, Cesium in exceptionally high purity of 
over 99.9% now is available from The Dow Chemical Co,, Midland, Mich, Used 
in ion propulsion and thermionic converters, the cesium is being produced through 
a metal-reduction process with a production capacity of several pounds a day, 








A prototype of an advanced cesium ion engine, largest of its type, 
has been demonstrated by Electro-Optical Systems Inc,, 125 N, Vinedo Av., 
Pasadena, Calif, (Photo No, 3.) Capable of generating three-thousandths of a 
pound of thrust, the 61 beam, contact cesium ion engine has been operated in a 
large vacuum chamber up to 175 consecutive hours with no failures, The engine 
produced specific impulses in the 5,000 to 8,000-second range and efficiencies 
as high as 65%, The low thrust engines are a more advantageous propulsive 
means than chemical rockets and may be used as sustainers for the propulsive 
control and guidance of satellites, 











gas turbines 


A power pack with a 200-hp gas turbine engine has been developed 
by Martin Orlando, Fla,, to provide all missile utility support requirements for 
the Pershing, a lightweight missile readily transported to sites where it can be 
erected and fired in a matter of minutes, The turbine engine, designed by the 
AiResearch Div, of The Garrett Corp,, Phoenix, drives through gear pads, a 
40 kva a-c generator, a 3,000 psi air compressor, and an air cycle air conditioner, 
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low-cost Tektronix Oscilloscopes with 5-inch CRT’s 
... require only 7 inches of standard rack height 





Tektronix Type RM503 


A new, rack-mount, laboratory oscilloscope at 
basically an Indicator which accepts a 

range of plug-in units in h chan rh 

the Type RM561 offers the type and d 22 O ) >d sweeps 

rela le]guit-lale-meel-taal-lalel-te Me lolamel-latioltli-le | ‘ 1, extrem 

bifelal- lam tal-melota tone Mailema-lellels) 





Indicator Unit 


w w ange from $50 for a ba 


} me) aal-ial-lelele-| 


rizontal Amplifier: 
DONSE ac t 


For a demonstration of either of these versatile low-cost rack-mount oscilloscopes, 
please call your Tektronix Field Engineer. 


+ 





Tektronix, INC. - 0. Box 500- BEAVERTON, OREGON / Mitchell 4-0161 - TWX-BEAV 311 « Cable: TEKTRONIX 


TEKTRONIX FIELD OFFICES: Albuquerque, N. Mex. + Atlanta, Ga. + Baltimore (Towson) Md. + Bostor jton) Mass. + Buffa * Ch o (Park Ridge + Cleveland, Ohio + Dallas, Texas + Dayton, Ohio 
Denver jo. + Detroit (Lathrup Village) Mich. +» Endicott (Endwell) N.Y. » Greensboro, N * Houston, Texas ndianapolis, Ind. + nsas Ci Mission) Kan. + Los Angeles, Calif. Area (East Los Angeles, 
E + West Los Angeles) « M eapolis, Minn. « Montreal, Quebec, Canada « New York ty Area bertson, | N.Y. « Stamford, Conn. « J.) + Orlando, Fla. « Philadelphia, Pa. « Phoenix (Scottsdale) Ariz. 
F ghkeepsie, N.Y. + Sa eg alif. « San Francis alif. Area (Lafayette, Palo Alto) + St. Petersburg, F * Syracuse, N.Y. + Toront Ont., Canada + Washington, D.C. (Annandale, Va.). 
TEKTRONIX ENGINEERING REPRESENTATIVES: Hawthorne Electronics: Portland, Oregon: Seattle, Washington + Kentron H Ltd nolulu, Hawaii. Tektronix is represented in twenty overseas countries 
by qualified e . Sans 


ngineering organiza 


In Europe please contact Tektronix International A.G., Terrassenweg 1A, Zug, Switzerland, Phone (042) 4-91-92, for the address of the Tektronix Representative in your country. 


INDUSTRIAL RESEARCH—OCT, 1961 45 





PLATINUM METAL ALLOY 
ELECTRODES are used in 
aircraft spark plugs to 
withstand extremely 
high temperatures and 
corrosive combustion gases. 


W here no 


made ot Platinum metal alloy deliver 


nger, trouble-tree service in aircraft spark plugs 


metal but Platinum 





It could pay you to use a Platinum Metal 


lem might be readily 


Metal wh 
ire involved, such as in aircraft spark plugs.. 
I 


and economically solved with 
re high temperature corrosion and spark 
. where 
reak electrical contact is indicated, such as 
idelity transmission .. . where wear-resisting, 
irfaces are required, such as for printed electri- 
where a combination of severe corrosion and 
met, as in the case of spinnerettes for rayon 
where peak catalytic efficiency is required, as in 
octane gasoline ... or where product purity 
ite high temperatures, as in the case of 
inum Metals have proved to be the most 

1in critical equipment. 


ng to higher temperatures and higher pressures, 

















ur own progress has been blocked by the limitations 


ils to with 


CAN THESE PROPERTIES OF THE 
ind such severe conditions. The Platinum PLATINUM METALS HELP YOu? 





t 
ive removed many barriers. Have you considered them 


High Temperature Stability 





' ee Exceptional Chemical Inertness 

m, palladium, rhodium, ruthenium and iridium have i 
Superior Wear Resistance 

Peak Catalytic Activity 


Low \ por Pressure 


que potentials, well worth your attention. Specialists are 


prepared to work closely with you in evaluating these metals 








for new commercial and scientific uses. 





As a first step, write us for additional data on the outstanding 
F E . . & The six Platinum Metals are: 
racteristics and successful applications of the six Platinum a 


PLATINUM + PALLADIUM + RHODIUM 
RUTHENIUM « IRIDIUM - OSMIUM 


ys— indicating your field of interest or how 


4‘, 
ANCO, PLATINUM METALS DIVISION, The International Nickel Company, Inc.,67 Wall Street, New York 5, N.Y. 





measure the volume of a pulse beat... the weight 
of a breath .. . the vacuum of outer space 
measure gyro rotor unbalance .. . liquid level in a 
remote tank .. . the thickness of a continuous 
sheet of hot metal 

Convert any variable into a change in capacitance 
and there's a Delta unit available to measure, 
record, orcontrol that variable more accurately and 
more economically than was ever before possible 

You just plug the Delta unit into a 115 Vac supply 
and hook up the probes to your simply constructed 
capacitance sensor. Capacitance changes as slight 
as 1% generate output voltages as large as 0.2 
Vdc, indicating direction as well as magnitude. 


THE DECKER 
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Everything you need for measurement in the lab- 
oratory, on the bench, or in the field is built right 
into one or another instrument in the Delta family. 
All incorporate the proved principle of the Decker 
T-42 lonization Transducer*, the most important 
advance in measurement in decades. All models 
but 902-1 have internal meters. Or, you can easily 
bypass the meter and feed results directly into 
external display, recording, or control equipment. 

Write for complete details, specifications, and 
application suggestions in Series 900 Instrument 
Data Sheets, available without obligation. Or, just 
let us have your measurement problem, and we'll 
gladly recommend a practical solution. 


CORPORATION Bala-Cynwyd, Pennsylvania 


MEASURE ANYTHING! 





THREE TIMES THE LIFE— WITH NO CHANGE IN CIRCUITS 


Outstanding features include 


7 vite: HUGHES 
Vacuum Tube Products Division, 


f 


th Electronics 


a 
| 
! 
! 
| 
— 


SUUM TUBE PRODUCTS DIVISION 





POSSIBLE ONLY 
with a 


SIGMAMOTOR 


MOVE CORROSIVE LIQUIDS} 


Material being pumped never comes in contact 
with pump mechanism. Wave-like motion of steel 
fingers forces material through Tygon tubing 
By changing size of tubing, capacity can be 
increased or decreased. Pump housing opens for 
removal and insertion of tubing 


— qPump 2 oR 3 
= “DIFFERENT LIQUIDS 
SIMULTANEOUSLY 


rT a _ Some models will accommodate up to four tubes 

Yj so that four different liquids can be passed 

all types of equipment a through the pump ef one time witheut denger 
. of contamination 


—to credit-worthy firms 
FEED AND MIXP 


One or more tubes can be feeding material 
to a mix while a larger tube is recirculating 
the liquid to produce agitation and thorough 
mixing. Viscous materials can be pumped 
without danger of gumming or plugging 
Remove tube and pump is clean. 





meter avpitives 
YOUR KEY TO LEASING 2 J One or more additives can be pumped to a solu- 


tion in the exact amount desired by selecting the 
correct size of tubing and regulating pump speed 
Various controls can be incorporated to close 
valves ahead of pump. 


v : . 
‘= e™ ame 
National ¢ guepanrend, Dstal Ld & . | Capacities from 0.5 cc. per min. to 4.5 G.P.M. 
: ack >| Write for complete information on sizes and capacities. 


SIGMAMOTOR, INC. 


FLORAL PARK, L. I., N. Y. 30 N. Main Street ° Middleport, N. Y 
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broad application 
of thermionic converters 
as power supplies 


must awart 


a breakthrough wn 


high-temperature technology 


by Dr. John A. Welsh, president, 

Flow Laboratories Inc., 

and the late Dr. Joseph Kaye, president, 
Joseph Kaye & Co. Ine. 
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EARLY S1O-MILLION will be 
spent on research and development 
in thermionics during the next 12 
months, half by government agencies 
and half by industry. Without a 
doubt, thermionics is a major con 
tender in the search for practical 
and economical production of elec 
tricity without moving parts 

Static power generation can be 
achieved by several means ther 
mionics, thermoelectricity, magne 
tohydrodynamics (MHD), and fuel 
cells. Both thermionics and thermo 
electricity produce electricity by 
using the phenomena that every 
material surface emits charged 
particles, including electrons, in 
proportion to the material’s temper 
ature. In thermionic devices, how 
ever, electrons are emitted into a 
vacuum rather than a solid, thus 
requiring higher operating tempera 
tures 
Surge toward application 


Little more than laboratory curi 
osities seven years ago, thermionic 
generators have progressed to an 
advanced stage in 1961, complete 
with intense competition among 
manufacturers. Both General Ele« 
tric Co., Schenectady, N.Y., and 
Thermo Electron Engineering 
Corp., Waltham, Mass., already list 
thermionic generators in their cata 
logs. Although these devices are not 
considered commercial items for 
broad application, they are suitable 
for incorporation into new design 
concepts 

The first application of thermi 
onic generators most likely will be 
military, with nuclear radiation as 
a heat source, or in space power! 
systems using radiation from the 
sun. These limitations are imposed 
by the very high temperature heat 
source required by the generators 
Only a few costly high-temperature 
materials are available for construc 
tion, restricting applications to 
those where cost is not the first 
consideration 

Eventually, thermionic generators 
will be used wherever lightness in 
weight, silent operation, compact 
ness, and unattended operation are 
important. Thus they will power 
beacons or information-gathering 
equipment in remote areas and pro 
vide future soldiers with a light, 
portable power plant to be carried 
as back-packs 

In addition, thermionic genera 
tors one day may strip all excess 
equipment from power generation 
plants, leaving just the generators 
In today’s power plant, coal or nu 
clear fuel produces heat to boil 
water to produce steam to drive tur 


bines to turn the generators to pro 
duce electricity. As a result, the 
generator is but one component in 
a forest of boilers, pumps, heaters, 
preheaters, condensors, and tur 
bines. The thermionic generator, 
when perfected, could do the job 


alone 


Edison’s effect 


Thermionics is based upon prin- 


ciples that have been known for 
Among the 1,033 
patents issued to Thomas Alva 
Edison, one dated 1883 describes 
the operation of a thermionic gen 
erator. In fact, the phenomena of 
generating electricity by thermionic 
means is termed the ‘Edison 
Effect.” 

By 1923 all the physical under 
standing required for construction 
of vacuum-type thermionic genera- 
tors had been achieved by Dr. I 
Langmuir, General Electric Re 
search Laboratory. Within the next 
10 years, he completed almost all 
the basic work required for con- 
struction of cesium-type thermionic 
converters 


many years 


It was not until 1956, however, 
that anyone seriously proposed the 
thermionic generator as a practical 
source of electrical power. Dr 
George N. Hatsopoulos described 
two types of thermionic converters 
in his doctoral thesis at MIT in 
1956, and supported his conviction 
of their practicality by forming 
Thermo Electron Engineering Corp 
to carry out the development and 
marketing of these generators. 


Pros and cons of practicality 


A profound, complete, and accu 
rate study of vacuum thermionic 
generators was published by the 
English scientist Dr. Hilary Moss 
in 1957. His predictions on the per- 
formance. of thermionic generators 
have been verified repeatedly by 
experiment. But he concluded that 
the generator was impractical and 
should not be considered further be- 
cause of engineering difficulties in 
constructing the close-spaced cath- 
odes essential to high efficiency 

Moss’ conclusion was refuted the 
following year when several signifi- 
cant reports on experimental data 
were published. Dr. Karl G. Hern- 
qvist, RCA Sarnoff Laboratories, 
Princeton, N.J. reported experi- 
mental power of 2.5 watts at an 
efficiency of 10.49%. Dr. Robert W 
Pidd and his associates at Los 
Alamos Scientific Laboratory of the 
University of California reported 
open-circuit voltage of 4.5 volts and 
short circuit current density of 62 
amps per sq cm from a generator 
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i nuclear reactor for a he 


Dr. Hatsopoulos and Dr. Joseph 
Kaye published experimental data 
confirming Moss’ analysis, but re 
futing his conclusion. A simplified 
inalysis to aid the design engineer 
in producing thermionic generators 

published by MIT professor 

Dr. Wayne B. Nottingham. And in 
i four important papers were 
published by Dr. V. C. Wilson 
By PH. J Webster, and Dr. A. R 
Houston, all of GE, and Dr. H. W 
Lew ind Dr. J. R. Reitz, of Los 
Alamos Scientific Laboratory. D1 
S. Rasor, director of energy con 

t Atomics International, 

gan publishing significant 

ticles in 1960. Now, the number 


researchers in thermionics is in 
ising so rapidly that no list of 


ithor can remain inclusive for 
Te an two or three months 
The number of companies doing 
thermionic research also are increas 
ing. Engaged in the field for the 
t time and reporting the most 
int work are Thermo Ele« 
tron Engineering Corp., Radio 
Corporation of America, General 
Electric, and Atomics International 
Aircraft and missile manufacturers 
now investigating thermionics are 
Martin, Boeing, United Aircraft 
Lockheed Thompson Ramo Wool 
dridge, General Motors, and Mar 
juarat 
his concentrated research effort 
resulted in many kinds of 
ionic generators, such as the 
paced vacuum diode, cesium 
onic diode, plasma diode 
ma thermocouple, and magnetic 


Principle of operation: 
hot to cold 

Every thermionic generator con 
high temperature electron 
ing surface (cathode) and a 
temperature electron-collect 
ing surface (anode). The number of 
electrons leaving the high-tempera 
ture emitter is much larger than the 
number leaving the lower tempera 
ture collector so that a net accumu 

















RECENT THERMIONIC developments include: 
(1) Thermo Electron’s 200-watt thermionic 
generator; (2) Atomic International’s 
flame-heated generator; (3) RCA’s 

diode for materials investigation (above) 
and experimental plasma triode energy 
converter (below); and (4) steel ball and 
dry ice illustrating spacing regulations 

in ITT’s study of close-spaced diodes. 


" 


lation of charge builds up on the 
collector. Thus, a sufficient poten- 
tial difference is created between 
the two surfaces to drive electric cur- 
rent through an external load con- 
nected between. the two electrodes. 

A fuller understanding of the 
thermionic generator may be had 
by examining the diagram at top 
of page 52. It is evident that any 
electron arriving at the surface of 
the collector has sufficient energy to 
do work equal to the sum of the 
collector work function and the out- 
put voltage 

The electron is not concerned at 
all with how these two quantities 
vary, as long as the sum remains 
the same. Since output voltage rep- 
resents the useful electrical work 
and collector work function repre- 
sents heat dissipated in the collec- 
tor, it would be desirable to reduce 
the size of this work function to a 
minimum 

In thermionic generators, the 
value of the collector work function 
is about 1.85 volts, while the output 
voltage is about 0.5 volts. If the 
work function could be reduced by 
0.1 volts, the output voltage (or 
power) would increase by 20% to 
0.6 volts. If the collector work func- 
tion were reduced by 0.5 volts, the 
output power would double to 1.0 
volt 

Considerable research effort is 
being placed on the materials prob 
lem, and some success has been 
reported. A stable collector work 
function of 1.65 volts has been re- 
ported by Hatsopoulos and a work 
function as low as 1 volt was re- 
ported at GE by Dr. L. R. Koller, 
now with National Research Corp., 
Cambridge, Mass. However, these 
low work function surfaces have yet 
to be engineered into a thermionic 
generator 

Another point evident in the dia 
gram is the desirability of reducing 
the space charge barrier, b, to zero 
In fact, reduction of the space 
charge barrier is crucial to the suc- 
cess of thermionic generators. 

Several methods have evolved for 
reducing the barrier. For instance, 


the number of electrons moving be- 
tween the plates can be reduced by 
decreasing the spacing between the 
plates. To achieve efficiencies of 
greater than 10% with reasonable 
power densities, spacing must be 
about 0.0004 in. Thermionic genera- 
tors of this type are called close- 
spaced vacuum diodes. 


Agile electrons pose a problem 


A grid with a small positive po- 
tential placed between the plates 
also may be used to reduce the 
space charge barrier. This method 
is sound except for one fact: elec- 
trons are superbly agile. No matter 
how fine the grid structure, elec- 
trons find it and enter it rather than 
proceed to the collector. Therefore, 
power consumed by the grid is 
greater than power produced by the 
thermionic generator. 

The most successful scheme for 
reducing space charge barriers is a 
variation on grid structure. Positive 
ions injected between the plates 
tend to cancel the negative potential 
created by electrons. Again, elec- 
trons can find these positive grids; 
however, the size of the ion com- 
pared to the size of the finest grid 
structure is like that of a green pea 
compared to a barn door 

All thermionic generators that use 
this method of space charge reduc 
tion utilize the positive ion of cesi 
um. Cesium is used because its 
ionization potential is lower than 
the work function of available high 
temperature emitters. Ionization po- 
tential represents the work neces- 
sary to remove an electron from an 
atom. Work function represents the 
work necessary to remove an elec- 
tron from a surface. In a sense, these 
two physical properties represent 
the electron for the atom or for the 
surface. 

When a cesium atom comes in 
contact with a surface such as tung- 
sten at high temperature, the cesi 
um atom is boiled away from the 
surface, but the other electron of 
the cesium atom finds itself more 
strongly attracted to the tungsten 
surface than to the cesium atom 


Therefore, the electron remains 


with the tungsten and allows the 
cesium to depart as a positive ion. 


Cesium boosts work function 


Cesium offers other advantages. 
An even coating of cesium deposited 
on the surface of an emitter will 
give it the work function of cesium 
metal, 1.87 volts. A cesium coating 
can he obtained by maintaining the 
temperature of the surface at a suf- 
ficiently low value. This means that 
the collector work function can be 
maintained at 1.87 volts regardless 
of the material used for electrode 
structure. 

Emitter work function must be 
maintained at a high enough value 
to generate positive cesium ions. 
However, the amount of current 
emitted is decreased greatly by the 
high work function. To generate a 
copious supply of electrons, there 
must be low work function regions 
on the emitter surface. These re- 
gions can be achieved by depositing 
a partial layer of cesium metal on 
the emitter surface. The cesium- 
coated portion emits electrons and 
the bare metal emits positive ions. 

Emitter temperature and pressure 
of the cesium vapor in contact with 
the surface determine the fraction 
of the emitter area covered by cesi- 
um metal. Emitter temperature is 
controlled by the heat source and 
heat-transfer method. Cesium pres- 
sure is maintained by controlling 
the temperature of a liquid pool of 
cesium. Cesium vapor pressure, in 
equilibrium with the liquid pool, is 
determined by the liquid tempera- 
ture. Temperature of the collector 
is controlled by the heat transfer 
from that electrode. 

Thus, by controlling three inde- 
pendent temperatures, it is possible 
to control emitter and collector work 
functions, number of electrons 
emitted, and number of positive ions 
generated. By proper selection of 
these temperatures, a balance can 
be achieved between the electron 
and positive ion emission to elim- 
inate the space charge barrier. 

For small current density, spac- 
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between the emitter and collec 
is relatively unimportant. Plates 

by about 0.004 in. may 
barrier As 


density is increased, the 


Space charge 


positive ions also must 
increased and the probability for 
ion between thes« parti les 
significant. It is necessary 


pecomes 


er to reduce spacing between 
o less than the 
of the electron 


mean-tree 


mean-free 


path increases 
temperature so that reason 

irge spacing may be used if 

he emitter Is oper ited at a suffici 
ently high temperature. For prac 
temperature, however, it is 

sary to reduce spacing to the 
lagnitude required for close 
paced vacuum diodes. For instanc: 
it an emitter temperature of 4040 
I’, spacing can be about 0.002 in. At 
3140 Ff 


0.0004 in 


spacing should be about 


Cesium modes of operation 


Cesium generators are identified 
by several names, including cesium 
plasma diode, and 
the nar 
ribing various modes of opet 
of the 


thermionic diode 
thermox ouple, 


cesium di ie 


ufficient number of posi 
is generated to neutralize 
gative space charge, the gen 
1 cesium thermionic diode 

If an exce of positive ions is 
generated, a positive space charge 
forms at the electrodes and the re 


between the plates becomes a 


yion 
plasma or neutral gas composed of 
positively and negatively 


parti le 


charged 
Chis mode of operation is 
referred to as a plasma diode 
Pressure of the gas between the 
electrode 


diodes; therefore, the number of par 


is quite low in these two 


ticles in the space is small enough 
to be treated by kinetic theory and 


nechanics of 


When 
this theoretical description be 
to lose its validity, as in the 


individual parti 


pressure is increased 


of high cesium pressure with 
pacing, operation of the diode 
be described by the thermody 
of irreversible processes 
nionic generators then take on 
naracteristics of thermocouples 
ich diodes are called plasma 
rocouples 


The magnetic triode 


Another method for reducing the 
effects of the space charge barrier 
is the magnetic triode. It is not as 
well developed as the diode, but is 
gaining increased interest. A grid 
placed between the electrodes tends 
to intercept a large fraction of cur 
rent passing through. If electrons 
can be forced to travel in selected 
paths that do not intercept the grid, 
this method might have merit, since 
larger spacing between the electrode 
would result. This task can be ac 
complished by using controlled elec 
tric and magnetic fields 

The diagram at bottom of page 
92 shows the two plates of a diode 
placed side by side in the same 
plane. A grid is placed a short dis 
tance above the electrodes and in a 
parallel plane. Because of the posi 
tive potential on the grid, electrons 
emitted from the hot emitter are 
accelerated toward the grid. A mag 
netic field perpendicular to the line 
joining the centers of the plates is 
imposed. This field deflects the elec 
trons into a cycloidal path that 
leads them from the emitter to the 
collector 

Since no current reaches the grid, 
no power is consumed by the grid 
Because the magnetic field always 
icts perpendicularly to the direc 
tion of travel of the electrons, no 
power is consumed from the field 
The potential on the grid may be 
adjusted to control the space charge 
barrier at the surface of the emitter, 
ind the magnetic field may be 
varied to insure that the electrons 
follow the desired path. This device 
has been termed a magnetic triode 

In all diodes, heat flows directly 
from the emitter to the collector by 
radiation. In the triode, heat flows 
from the emitter to the grid and 
then from the grid to the collector 
Heat flux is reduced just as though 
a radiation shield had been placed 
between the plates of the diode 
Thus, minimum heat loss can be cut 
in half and efficiency doubled 


Directions of the future 


The greatest need in thermionics 
is materials. Cathodes evaporate in 
the high vacuum required for therm 
ionic emission; cesium corrodes the 
vacuum heat leaks 
through the structure. As much ef 


seals and 


fort is being expended on materials 
research as it is on understanding 
the thermionic phenomena; thus 
significant developments ought to 
come in the high temperature tech 
nology associated with thermionics 

Although basic understanding of 
thermionic converters is reasonably 
well advanced, two areas remain to 
be examined in depth. First is the 
heat transfer in practical devices 
Inherent in the heat transfer prob 
lem is the mechanical design prob 
lem of fabricating a _ satisfactory 
structure to withstand the combined 
stress due to inertial and thermal 
loads 

Much engineering must be done 
to capitalize on methods of improv 
ing the heat transfer coefficient be 
tween heat source and emitter. The 
mechanism of heat transfer may be 
improved by utilizing catalytic re 
actions occurring on the back surface 
of the emitter or on surfaces in di- 
rect contact with this hot electrode 

A second area for examination is 
the heat source itself. Since therm 
ionic generators operate at tempera 
tures near the melting point of steel 
and higher, it is almost impossible 
to build a conventional heat source 
such as gasoline and air. Regenera 
tive heating of incoming air may 
overcome the problem, but there are 
limits to the amount of preheating 
possible. A satisfactory heat source 
could be constructed by using acety 
lene as the fuel, or replacing air 
by oxygen 

Many of the problems remaining 
to be solved are in the area of basic 
physics having to do with under 
standing principles of operation of 
thermionic devices. But in the 
authors’ opinion, high-temperature 
materials technology, heat-transfer 
techniques, and development of a 
satisfactory heat source are more 
important in the immediate future 

As long as thermionic diodes re 
main high-temperature devices, they 
will be used more as topping gen 
erators than as primary sources of 
electricity. A new development by 
Dr. Hernqvist at RCA has produced 
a thermionic converter operating at 
about 2000 F. Should this develop 
ment be broadly applicable, it could 
put thermionic converters in the 
class of fuel cells, most promising 
of all devices for power supply. s 
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Mv AGNETOHYDRODYNAMIC GEN- 


ERATORS may substantially increase 
the conversion efficiency of heat to 
electrical power. However, indus- 
trial application of this concept still 
requires a solution to conductivity 
and materials problems. The suc- 
cessful design of a practical MHD 
generator with an a-c output also is 
needed to reduce the cost of capital 
equipment and hasten its adoption 
by industry 

MHD generators are distinguish- 
ed from other conversion devices by 
the fact that maximum efficiency of 
conversion is not limited by thermo- 
dynamic considerations, but by the 
finite conductivity of the gas 

Magnetohydrodynamic gener- 
ation of power is not a new idea. It 
is based on British scientist Michael 
Faraday’s important discovery that 
the relative motion of a conductor 
and a magnetic field induces an 
electromotive force in the conduc- 
tor. Connecting a load across the 
terminals of a conductor causes an 
electric current to flow through the 
load. The concept of using a con- 
ductive fluid flowing in a static mag- 
netic field constitutes the essential 
idea for MHD generation of elec- 
trical power 
Tidal power of the sea 

As early as 1832, Faraday experi- 
mented with the flow of mercury in 
a magnetic field and the extraction 
of power from the tidal motion of 
sea water in the earth’s magnetic 
field. Little by way of application 
came out of these early experiments, 
presumably due to early commercial 
success with rotating dynamos. 

Starting about 1910, a number of 
patents have been granted by the 
U.S. Patent Office for methods to 


generate electrical power by the flow 
of fluids through applied magnetic 
fields. The advantage of thermal 
energy in a hot gas (which can be 
converted easily to the kinetic en- 
ergy of the gas) as a source of 
electrical power production was rec- 
ognized early by inventors. Thus, 
most of the patents granted after 
1915 refer to the use of gases as the 
working fluid. 

Despite the abundance of patents 
in the field, only recently have 
MHD power generation experi- 
ments been successful. Break- 
throughs were announced almost 
simultaneously by the Space Sci- 
ences Laboratory of General Elec- 
tric Co., Philadelphia; Avco-Everett 
Research Laboratory, Everett, 
Mass.; and Westinghouse Research 
Laboratories, Pittsburgh. Current 
efforts undoubtedly were spurred by 
the advent of the space age. 
Efficiency at high temperatures 


Gaseous magnetohydrodynamic 
generators have three main advan- 
tages over conventional turbogener- 
ators efficiency, versatility, and 
simplicity. 

s Efficiency, the main attraction 
in MHD power generation, results 
from fuller utilization of high tem- 
peratures attainable in the combus- 
tion process. Conceptually, in a 
combined magnetohydrodynamic 
and turbine cycle, combustion gases 
(properly mixed with easily ioniz- 
able materials) enter the magneto- 
hydrodynamic generator, where 
power is extracted from the gas and 
its enthalpy (heat capacity plus 
kinetic energy) is reduced. Then 
the gas preheats the combustion 
mixture, which brings down the gas 
to a temperature suitable for con- 


ventional boiler operation. Thus a 
higher overall efficiency is obtained. 

a Versatility of MHD genera- 
tors, from a systems point of view, 
is claimed because both stationary 
and auxiliary power applications are 
possible. This is true especially 
when a high-temperature gas is 
readily available, as in a rocket ex- 
haust or the flow field surrounding 
a hypersonic vehicle in the atmos- 
phere. 

s Simplicity results from the 
absence of rotating machinery in 
MHD generators, and easier main- 
tenance and flexibility in design 
and operation are possible. 

The heart of MHD generators 

The magnetohydrodynamic chan- 
nel through which the conducting 
gas flows is the heart of the MHD 
generator. The straight channel be- 
low can be designed to keep any 
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one of the various thermodynamic 
quantities (entropy, temperature, 
pressures, velocity, etc.) constant 
throughout the length of the chan- 
nel. The straight channel thus has 
a decided advantage of superior 
operational flexibility. 

Spiral and coaxial channels are 
advantageous in that the length of 
interaction of the ionized gas flow 
with the magnetic field can be in- 
creased with only a small increase 
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senior physicist, Armour Research 


MHD COMMERCIAL POWER generation cycle using oxrygen-enriched 
air (right) is being studied by Avco Corp. 

and 12 power companies. The cycle begins at the air inlet 
(lower right of chart) and is completed when the gas 

passes through a secondary power loop to the erhaust stack. 
Oxygen-enriched air instead of air itself 

permits the use of conventional materials for pre-heater 
construction. Experiments using combustible fuels 

are conducted on the MHD generator constructed 

by Westinghouse scientists (left). The device produces 
electric power equivalent to approximately one watt. 
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in generator weight. Hence, they are 
of special significance in flight and 
where generator 
weight is of prime consideration 

Scientists at the Tapco Group, 
[Thompson Ramo Wooldridge Inc 
Cleveland, have devised a scheme 
in which gas particles travel spiral 
paths in the magnetic field so that 
flow is a vortex motion. They 
very low power-to-weight 
ratio for their generator shown be 
low 


space vehicles 


gas 


claim a 


Open and closed cycies 


Estimates of the performance of 
coal-fired open cycles and nuclear- 
fueled closed cycles have been made 
by Dr. Arthur Kantrowitz, director 
of the Avco-Everett Research La 
boratory and Philip Sporn, presi 
dent of American Electric Power 
Service Corp., New York, and Dr 
L. Steg and Dr. G. W. Sutton, at 
the GE Space Sciences Laboratory 
Although these estimates were made 
in the absence of reliable data, they 
indicative of the advantages of 
1 combined magnetohydrodynamic 
turbine cycle over the conventional 
turbine cycle 

In the cycle considered by Steg 
and Sutton and their collaborators 
it General Electric, the flame gases 
the combustion chamber at a 
pressure of 5.5 atmospheres and 
temperature of 4730 F. After mix 
ing with easily ionizable chemicals, 
they the nozzle and the gen 
erator 

With 


pounds 


are 


le ive 


enter 


more than three-million 
of gases per hour passing 
through the generator, output power 
is 300 megawatts, of which about six 
go to provide the magnetic field, 
ire lost in its conversion to a-c, and 
the remaining 279 megawatts are 
ivailable as usable a-c power. The 
hot the diffuser at the 
generator exit at a pressure of 1.4 
itmospheres and temperature of 
1100 F, preheat the air going into 
the MHD generator, and pass 
through the boilers to escape in the 
atmosphere 

Steam leaves the 


gases leave 


boiler at 1000 F 


and 2400 psi, goes through the high- 
pressure turbine which drives the 
air compressor, and returns to the 
boiler for reheating to 1000 F. After 
reheating, the steam enters the re- 
heat turbine at 488 psi to produce 
91 megawatts of a-c power and then 
passes on to the low-pressure tur- 
bine where it produces another 173 
megawatts of power before being 
condensed. 

After also allowing for other 
losses, such as ohmic heating, eddy 
current, and end loss, net station 
output is 523 megawatts at a heat 
rate of 6687 Btu per kilowatt hour, 
corresponding to a thermal efficien- 

of 51%, which is about 20% 
higher than that of the best steam 
cycles currently in operation 

The coal-fired open cycle dis- 
cussed by Kantrowitz and Sporn is 
similar to the one described above 
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and leads to an estimated thermal 
efficiency of 55%. 

Dr. Stewart Way, 
house Research Laboratories, has 
predicted thermal efficiencies as 
high as 60% with a proposed closed 
cycle system using helium gas 
seeded with 1% cesium. However, 
reactors operating at about 4000 F, 
as proposed by Way, have not yet 
been built 

A few novel concepts, like the dust 
fuel reactor conéeived by Armour 
Research Foundation, Chicago, look 
very promising as a source of high- 
temperature gases. Armour scien- 
tists visualize MHD generators as 
components of the reactor loop. Nu- 
clear fuel would be suspended in a 
gaseous coolant, such as helium, 
with the suspended fuel circulating 
in a closed loop 

An advantage of the closed cycle 
is that you are not limited in the 
choice of working gas and seeding 
agent because the same gas can be 


of Westing- 


sc 


magne 


used repeatedly in the cycle. 

Two points should be clearly 
stated here. First, the efficiency es- 
timates above should not be taken 
too seriously at this stage, since they 
are based on educated guess rather 
than experience. Second, MHD gen- 
erators do not require high temper- 
atures because of thermodynamic 
restraints, but rather because high 
temperatures are necessary to ob- 
ain the high conductivity of gases 
required in the generator. 


Toward an a-c generator 


A drawback of magnetohydrody- 
namic power generation is the d-c 
character of the output. At present, 
the cost of equipment to convert d-c 
to a-c is a large part of total capital 
costs. Thus, the attractiveness of a 
magnetohydrodynamic generator 
would be increased greatly if a 
ience of tl interaction of mo 

xids. S 


tic ynonymous 
netof 


ics 


iddynamics, magne 
hydromagnetic 

practical generator yielding an a-c 
output were available. 

The obvious method of using an 
alternating magnetic field is not ac- 
ceptable because of the large loss 
of energy of the magnetic field in 
the gas as well as the magnetic 
materials. L. P. Harris, of GE Re- 
search Laboratories, Schenectady, 
has proposed a generator channel 
with a three-phase winding similar 
to those used in linear induction 
pumps for liquid metals. 

Analyses of channel flows have 
shown that such a device can oper- 
ate with high efficiency at a high 
power if the conductivity of the gas 
is very much higher than that neces- 
sary for a d-c generator. Higher 
conductivity requires much higher 
temperatures, and for this reason 
the Harris concept today is only of 
academic interest. 

Another idea for a possible a-c 
generator has been proposed by 
Armour Research. Two or more flow 
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VALVE 


channels and a valve, connected as 
shown above, would conduct the gas 
flow alternately through the two 
channels. The magnetic field is per- 
pendicular to the plane of the draw- 
ing, causing an alternating current 
to flow through the load. 

Thus, the desired shape of the 
output—a sinusoid (see definition 
on page 49)—can be achieved by a 
proper design of valve and other 
parameters. In its simplest form, the 
valve may consist of a disc with one 
or more holes rotating in front of 
the channel openings. The valve 
also may use gas jets to alternate 
the flow. 


Limitation of materials 


In a suitable MHD power gener- 
ator system, the material of the 
channel walls must withstand the 
effect of corrosive hot gases at high 
pressure and temperature flowing at 
high velocities for considerable pe- 
riods—for months in a stationary 
power plant. 

Properties of materials that may 
be considered for channel wall con- 
struction materials have been tabu- 
lated by Steg and Sutton. These 
materials include the oxides of sili- 
con, aluminum, zirconium, thorium, 
and hafnium; calcium, strontium, 
and barium zirconium trioxides; 
zirconium, tantalum, and hafnium 
carbides; and graphite, pyrolytic 
graphite, and boron nitride. 

With the exception of silicon, 
aluminum, zirconium, boron nitride, 
and graphite, all are relatively new 
and exotic so far as applications are 
concerned. Research on high-tem- 
perature properties and fabrication 
techniques of these materials should 
be pursued vigorously. 

Cathode material also is a prob- 
lem in MHD power generation be- 
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ELECTROSTATIC GENERATORS 


Utilized Worldwide for Applications in: 


Nuclear Physics, Insulation Testing, 
Electron Microscopy, Mineral Separation, 
Electrostatic Precipitation 


Provide High-Voltage Power Supplies in a 
Wide Range of Models... Featuring: 
@ Essentially pure DC output 
Voltages to 600 KV, infinitely variable 
Current to 14 ma 
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drift 


Easily adjustable, closely regulated out- 
put voltages to .001% 


Simplified maintenance, long life 


Extreme safety: Low output capacitance, 
Minimal short-circuit & overload currents, 
Remote adjustment & shut down 


Write now for new Catalog 100 covering the com- 
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Facts and figures everywhere... 
But how can you find what you need when you need it?' 


Information retrieval: 
What will it do for the chemical engineer?’ 


How can scientists keep up with science?’ 


Did you see these articles? They all point up the growing problem of classifying 
and retrieving technical literature. Some of the solutions to this problem were 
described in the Wall Street Journal, December 20, 1964.4 « The solution requires 
technical personnel, experienced in the use of libraries, having the ability to read 
all languages, and trained in the techniques of systematic literature searching. 
e The Lowry-Preston Technical Abstracts Company offers three services directed 
towards easing the information retrieval problem: (1) Gas Chromatography Ab- 
stracting Service—abstracts are issued of all articles involving gas chromatography. 
Covers literature of every country. (2) Instrumentation Abstracts—abstracts are 
issued of all articles dealing with laboratory and process instrumentation, as they 
appear in all of the principal journals dealing with this subject. (3) Custom 
Literature and Patent Searching—searches are conducted on any subject, to 
locate and summarize the books, periodicals, patents, government reports, foreign 
material, etc., published on the subject. 
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civil engineering, 
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The Cerand Corporation to 
provide a fresh approach 
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large technical staff on the 
problem of bringing 
together the basic manu- 
facturing industry 
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and materials. 


Cerand 
can help 
your 
firm 


@ Develop 
new 
products 
for the 
construction 
fields. 

@ Gain new 
construction 
markets fer your 

raw materials. 

@ Solve complex civil 

engineering problems. 
For specific examples 
of how Cerand can 
help your firm, 
send for our 
definitive brochure. 


the 
cerand 
corporation 


Dept. 30 
285 Columbus Avenue, Boston 16, Mass. 


INDUSTRIAL RESEARCH—OCT, 1961 


cause of the difference in the mech- 
anism of current extraction from a 
metallic conductor and a gaseous 
conductor. In a gaseous conductor, 
electrons are thermionically emitted 
by the cathode and, because of the 
potential difference, are accelerated 
toward and absorbed by the anode. 
Hence, one limitation on the avail- 
able current is set by the thermionic 
emissive properties of the material. 

Graphite and thorium are ex- 
pected to be satisfactory materials 
for temperatures of about 3000 K. 
However, to get gases of suitable 
conductivity at lower temperatures, 
say 2500 K, unconventional means 
of electron emission must be found 
for making maximum use of the 
generator. Photoelectric emission is 
an interesting possibility. 

The future of magnetohydrody- 
namic power generation depends 
largely on whether conductivity of 
readily available gases can be made 
high enough—about 100 mhos (re- 
ciprocal ohms) per meter—at rea- 
sonable temperatures (2500 K) for 
efficient operation of the generator. 
For an understanding of this prob- 
lem and its implications, an ele- 
mentary knowledge of the theory of 
electrical conduction in gases is 
necessary. 

Electrical conduction in gases 

In a gas at any temperature, some 
of the molecules are ionized, or 
broken up into electrons and ions 
(positively charged particles of 
about the same mass as the mole- 
cules). 

Most of the current in a gas results 
from the motion of electrons, while 
a much smaller portion is contrib- 
uted by the motion of ions which 
in almost all cases can be neglected. 

The conductivity of a gas in- 
creases with the increasing number 
of electrons per unit volume and de- 
creases with an increase in the col- 
lision frequency of electrons. 

The number of electrons in a gas 
can be increased by adding easily 
ionizable gases or the solid-particle 
dust of a material that is a good 
emitter of electrons. But these 
methods also introduce into the gas 
additional particles that scatter 
electrons and thereby raise the col- 
lision frequency. Hence, conductiv- 


ity attains its maximum value at an 
optimum concentration of these 
additives. 

If we use more additives than the 
optimum concentration, conductiv- 
ity rapidly decreases because of the 
resulting increase in collision fre- 
quency. However, the necessary 
data for calculation of the optimum 
concentration, for most cases of 
practical interest, is either not avail- 
able or unreliable. 

In the presence of a magnetic 
field, conductivity becomes a tensor, 
the components of which can be 
expressed analytically. The condi- 
tions for optimization of conductiv- 
ity in the presence and absence of 
magnetic field are different. A de- 
tailed kinetic theory of the inter- 
action of electric and magnetic fields 
with an ionized gas flow is not avail- 
able. This fact presents a serious 
handicap for those who try to op- 
timize performance of a magnetohy- 
drodynamic generator. 


Most experiments on the elec- 
trical properties of hot gases were 
made with easily obtainable gases. 
Recently, however, a number of in- 
teresting measurements have been 
made on seeded combustion products 
of a propane oxygen mixture at GE 
Research Labs.; the JP-4 oxygen 
mixture at Avco-Everett; and oxy- 
gen diesel oil, butyl cellosolve, and 
a potassium 2-ethylo hexoate mix- 
ture at Westinghouse Research Lab- 
oratories. Conductivities from one 
to 100 mhos per meter have been 
reported under various conditions. 

The current trend of research in 
magnetohydrodynamic power gen- 
eration is toward hardware. MHD 
generators with large capacities are 
being planned and built. Compact 
generators for space applications 
also are under development. 

Yet, the development of an eco- 
nomic and efficient MHD generator 
is to a large degree dependent on 
breakthroughs in materials, gas con- 
ductivity, or a practical design of a 
generator with an a-c output. A 
maximum return in hardware can 
come only from effort invested now 
in these basic areas of non-hardware 
research. ® 


A theoretical physicist at Armour Research, 


Dr. Mahendra Sodha is a specialist in the physics 


of ionized gases. He has published numerous papers 


on this subject and on semiconductors, optics, 
combustion, and ballistics. A fellow of the American 
m' Physical Society, he was chairman 


of the magnetohydrodynamics session of the 1960 
National Electronics Conference. Dr. Sodha 
received his PhD from the University of Allahabad. 
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are still in the future, although low- 
efficiency than 4%) “cull” 
cells can be had for some 60 cents. 
While earth surface applications of 
solar cells have been insignificant to 
date, large factories are turning out 
solar cells for satellites and space 
probes 


less 


Solar cells for space use normally 
are connected in series and parallel 
to form an array. Failure of one cell 
in a large array will result in only 
a fraction of a percent loss in array 
power output. Thus, extra capacity 
against micrometeorites and other 
hazards can be provided with little 
extra weight. Orientation need not 
be precise; misorientation of eight 
degrees will result in only a 1% 
loss in power output. These features 
are difficult to attain in other solar 
power supplies 

A typical solar cell is composed 
of a “slab” of high-purity silicon, 
1 by 2 cm in area and 0.4 mm thick 
During manufacture, single-crystal 
bars are slowly withdrawn from 
molten silicon. Later, the bars are 
sliced with diamond saws, and the 
slices shaped, polished, and doped 
with impurities. Contacts are added 
manually, and the cells are tested 
for performance 


Problems: weight and cost 
The 
cell 


cost 


principal problems of solar 
supplies — weight and 
are compounded by the fact 
that the high conversion efficiencies 
quoted by manufacturers are not 
attainable in sunshine. One 
reason is that solar-cell performance 
normally is measured at 82 F, 
whereas in space the cell will oper 
ate at a temperature of 104 F 
Every 36 F rise in temperature 
causes a 1°, drop in efficiency 

Another reason is that efficiency 
measuring techniques have not been 
realistic. Originally, performance of 
a reference solar cell was measured 
outdoors in sunshine. Then an or 
dinary tungsten lamp was placed 
relative to a test area so that the 
reference cell produced the same 
output as it did in outdoor sunshine 
Performance of subsequent “im 
proved” cells was measured under 
the same lamp. However, the spec 
trum of the lamp contained more 
red and infrared light than did sun 
light in and any cell that 
had good sensitivity in the red and 
infrared region of the spectrum 
showed good performance when 
tested under the lamp 

Recently some of these ‘im 
proved” cells were tested on a 
mountain top where the solar in 
tensity and spectrum approached 
space conditions It then was dis 
covered that the new cells did not 


power 


space 


space, 
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produce the 
sunshine 

Within the last year, manufac- 
turers have found ways of improv- 
ing the sunlight-performance of 
cells. Sensitivity of a solar cell to 
the violet part of the sun’s spectrum 
has been improved by making the 
p (positive)-layer of the cell thin- 
ner. This permits violet light to 
penetrate farther toward the junc 
tion. A conducting grid on the sur- 
face of the cell compensates for the 
reduced conductivity of the thinner 
p-layer 

Concentrating sunlight on solar 
cells is a method of boosting their 
power. Doubling power output per 
cell halves cell cost, and if light- 
weight reflecting surfaces could be 
substituted for silicon photovoltaic 
material, the weight per kilowatt 
also might be reduced. Weight could 
be reduced even more significantly 
if the reflecting material also could 
support the structure 

Light intensities beyond four or 
five times that found on earth during 
a bright day are not practical for 
solar cells, because great intensities 
produce high cell temperatures that 
reduce efficiency. Furthermore, the 
output of a solar cell is not pro 
portional to illumination intensity; 
rather it drops off at higher illu 
minations. Solar cells, therefore, 
should have low concentration ra 
tios. (Concentration ratio is radia- 
tion intensity at the absorber, or 
solar cell divided by the radiation 
intensity of the ambient sunshine ) 

For low concentration ratios, the 
Somor concentrator, named after its 
inventor, appears advantageous be- 
cause the absorber does not shade 
effective area of the concentrator, 
and the concentrator surfaces can 


expected output in 


radiate heat to keep the cells cool 
One Somor concentrator designed 
specifically for solar cells is shown 
on page 65. High-altitude tests show 
that a Somor concentrator in space 
could increase solar cell power out- 
put by 80%. 


Early uses of sunpower 


The history of direct sunpower 
utilization is long. Burning glasses 
were used in Nineveh for igniting 
altar fires, 
edly used a mirror to set fire to 
Roman warships within bow-shot 
The first use of sunlight for run- 
ning a heat engine came in 1870 
when August Mouchot of France 
generated enough steam to run a 
small engine by concentrating solar 
rays on a glass boiler with a conical 
mirror. A large solar power plant 
was constructed on the banks of 
the Nile river in 1913 by Frank 
Shuman, of Philadelphia, and Prof 
C. V. Boys, of England. It em 
ployed three trough-type reflectors 
14 by 205 ft long to generate enough 
steam to produce 50 to 60 hp for 
driving irrigation pumps. 

In all of these devices and in their 
modern counterparts, concentrated 
sunlight is necessary to operate 
high-temperature heat-to-electricity 
converters. Sunlight can be concen- 
trated with lenses or mirrors. If 
made of glass, lenses are too heavy 
to be considered seriously for space 
use. Lightweight plastic lenses can 
be used to concentrate sunlight, but 
they are likely to be deteriorated 
by the ultraviolet radiation. 

Many configurations of reflecting 
or mirror type concentrators are 
possible. The Somor, Archimedes, 
and Shuman concentrators are being 
developed for space use. The Somor 


and Archimedes report- 
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concentrator, as mentioned, works 
well for silicon solar cells where 
only a small concentration ratio is 
required. Archimedes and Shuman 
concentrators are being developed 
for high-temperature applications 
where solar heat is converted into 
electricity. With both of these con 
centrators, a circular configuration 
is usually employed; the Shuman 
concentrator would be a 
loidal dish 


parabo 


30 sq yds of mylar 1 ib 


Early space-vehicle concepts 
called for large inflatable parabo- 
loidal solar concentrators made of 
aluminized mylar to provide heat to 
run the electric power generators 
Thirty square yards of aluminized 
mylar 0.0005 in. thick weigh only 
a pound; with a reasonable assumed 
efficiency of 25% it was easy to 
conceive of power plants producing 
hundreds of kilowatts and weighing 
only 5 to 10 lbs per kilowatt 

Careful thought has brought some 
important realities to light, how- 
ever. For example, one would seek 
high overall efficiency to reduce 
concentrator and radiator size. The 
efficiency of a_ heat-to-electricity 
converter is a function of source 
temperature, which must be high 
for good efficiency. And high tem 
perature can be achieved only with 
a precise concentrator. For example, 
for the efficient achievement of a 
2900 F absorber temperature, re- 
quired to operate a thermionic con 
verter, a concentrator is needed 
that has a circle of least confusion 
smaller than the sun’s image. (The 
circle of least confusion is the disc 
like spot formed at the focus of a 
concentrator from a point source of 
light.) This focal image would be 





a point if the concentrator were 
perfect 

The sun’s image for a 2-ft focal 
length is only 0.15 in. in diameter 
Orientation is so critical that a 
15%, drop in concentrator-absorber 
efficiency occurs if the concentrator 
is misoriented by a quarter degree 
of arc. Such accuracy cannot be 
attained with inflated structures 

In a space vehicle, the concen 
trator forms an image of the sun at 
the focus. The absorber must be 
large enough to cover the hottest 
part of this image, plus the area in 
which the image wanders as a result 
of orientation errors. The concen 
trator must be designed to fit the 
mission of the vehicle. In space near 
the earth, for example, radiation 
intensity is about 130 watts per 
sq ft, but at Jupiter it is only 5 
watts per sq ft. This means that for 
a given amount of power, a concen 
trator for use at Jupiter must be 26 
times as large as a concentrator for 
service near earth. 


The imperfect absorber 


The absorber converts radiation 
to usable heat at the focus, but it 
is not perfect and will reflect some 
radiation. This reflection loss can 
be reduced by making the absorber 
black. However, because of its high 
emissivity, a black absorber is a 
good radiator of heat, and thus 
causes a re-radiation loss. Much has 
been done to make selective ab- 
sorbers appear black to solar radi- 
ation and yet have low emissivity 

appear shiny) to infrared wave- 
lengths, thereby forming a_ heat 
trap. Some of these surfaces are so 
effective that if one is used to cover 
a teakettle and placed in uncon- 


centrated sunshine, the water inside 
will boil. 

Presently available selectively 
absorptive surfaces are limited to 
about 950 F. For higher absorber 
temperatures, for example 2900 F, 
a cavity absorber often is used. This 
design permits a large absorber area 
behind the cavity aperture; yet re- 
radiation occurs only from the aper- 
ture area. The catch is that the con- 
centrator must be precise enough to 
focus sunlight through the small 
aperture without appreciable spill 
age on the aperture plate. 


Construction of concentrators 


Several approaches are being 
taken in the construction of con 
centrators for space use. One is to 
apply a reflecting surface on a thin 
substrate, such as mylar, and sup- 
port the assembly in space by rigi- 
dizing plastic foam. The reflecting 
surface and its substrate are folded 
into a small volume during vehicle 
launch and erected mechanically 
after the vehicle is in space. A 
problem is distortion of the face 
caused by flow of the viscous foam 
mixture before and during exten- 
sion 

Another approach is the Fresnel 
concentrator, a variation of Archi- 
medes’ mirror array. The reflecting 
face in the Fresnel concentrator is 
composed of a number of circular 
elements that reflect sunlight to- 
ward the absorber. Because of its 
flatness, this concentrator can be 
stored and erected in a variety of 
ways. 

One method of manufacturing a 
Fresnel concentrator is to make a 
very precise master and electro- 
form a metallic replica on the 
master. The electroformed surface 
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then can be reinforced with a suit 
ible metal support structure. Use of 
ingle metal reduces thermal dis 
on that could be expected when 
vehi le 


the earth’s shadow. The main 


emerges into sunshine 


ition of the Fresnel concentra 
the lost area between facets 
iird approach involves the use 
rigid reflecting surfaces sup 
by paraboloidal aluminum 
ycomb structure. New jet air 
use a lot of honeycomb struc 
because nothing is as rigid per 
weight as honeycomb stabilized 
thin sheets on each side. Since 
tabilizing sheets carry only a 
tension load, fiberglass is the best 
material to use here 
\ way of building a paraboloidal 
concentrator is to make a male 
master, either by molding from an 
other concentrator, or by grinding 
ind polishing a suitable piece of 
netal or glass. A parting agent, 
silver, and the reflecting 
iluminum, are 
icuum-deposited on this master 
Che reflecting surface can be backed 


t such as 


up by a substrate such as epoxy 

in; the structure is built on the 
ubstrate by applying epoxy-soaked 
fil honeycomb, and more 
Then the 


erglass 
CPOXY soaked fiberglass 
vhole assembly is cured 


TRW’s ‘sunflower’ 


‘his technique provides high 

reflecting surfaces that have 
it mechanical stability. A dis 
intage is that the performance 
epoxy resin in space conditions 


Also, a 


iboloidal concentrator is some 


not yet been proven 


vat difficult to fold. In an approach 
Chompson Ramo Wool 


in its “Sunflower” sys 


SENERATOR 


STIRLING engine 
diagra? | 


isplace? 


tem, the honeycomb concentrator is 
cut into truncated pie-sections that 
ire folded like the petals of a flower 
prior to blooming 

At Boeing, 5-ft diameter concen 
trators using honeycomb construc 
tion are being developed. Because 
these concentrators are not further 
collapsed, they have sufficient ac 
curacy to operate thermionic con 
verters requiring as much as 3150 F 
cathode temperature. Such high 
temperatures are not practical with 
segmented concentrators because 
the segments cannot be aligned 
with sufficient accuracy. A 5-ft con 
centrator used in space near earth 
can produce about 100 watts of elec 
trical output with a high-efficiency 
thermionic converter. For more 
power, multiple 5-ft diameter con 
centrators can be deployed from a 
spacecraft 

The development of 
costly It 


Space-use 


concentrators is takes 


several days to make the epoxy 
fiberglass-honeycomb layup that is 
composed of some 30 individually 
sprayed and cured layers 

On the other hand, the basic ma 
terials are cheap. A 3-ft diameter 
honeycomb concentrator can be 


made from only $8.20-worth of 
resin, fiberglass, and honeycomb 
After manufacturing is perfected 
and development costs are written 
off, the cost of lightweight, high 
precision paraboloidal concentra 
tors probably will be reasonable 
The cheapest 5-ft paraboloidal con 
centrator today is a surplus search 
light mirror that costs $250 and 
weighs 160 Ibs 

Properly focused, a 5-ft light 
weight concentrator can melt holes 
in 14-in. aluminum plate even on a 
dull day. It is conceivable that these 


concentrators can be employed for 
solar cooking in areas where alter 
nate fuels are expensive, or difficult 
to obtain. They also might be used 
in point-to-point communication 
with infrared or even visible light 
When they no longer are useful for 
concentrating photons, they could 
slide children down snow slopes! A 
3-ft diameter dish weighing less 
than 2 lbs would have adequate 
strength for most childen. American 
ingenuity no doubt will find addi 
tional uses for concentrators 


Heat-to-electricity converters 


A solar concentrator-absorber sys 
tem produces heat energy at a high 
temperature at the absorber. Ther 
moelectric and thermionic static 
converters, mercury turbines, and 
Stirling-cycle engines are being de 
veloped to convert this heat into 
electric power. (The status of ther 
moelectric conversion of heat to 
electric power is discused on page 
IR 

The main problem with thermo 
electric converters in the past has 
been that reasonable radiator weight 
could be obtained only with radiator 
temperatures so high that overall 
conversion efficiencies have been in 
the order of only 1 to 3%. The re 
sulting space power system would 
have weighed substantially more 
than an equivalent solar-cell power 
system. 

Thermoelectric 
tems now being 


conversion sys 
investigated for 
space use generally have large ra 
diators that maintain low cold-junc 
tion temperatures, thereby permit 
ing reasonable conversion efficiency 
One concept employs an array of 
small mirrors; each mirror concen 
trates sunlight on the hot junction 





of a thermocouple that is supported 
at its cold end by two other mirrors 
Thus, the same metal serves as re 
flector on one side, a radiator on the 
other side, and as an electric con 
ductor with its volume 
Thermionic converters operate at 
such high temperatures that radia 


tor area and weight are not signifi- 
cant in the conversion system. (See 
article on thermionics, page 50.) The 
problems in the past have been in 
developing high-temperature vacu- 
um seals that have reasonable life 
Nearly all experimental converters 
built before 1961 failed because of 
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Silicon Solar Cells for Terrestrial Use 


An electromechanical device promising to unlock an unlimited 
number of terrestrial applications for silicon solar cells has been 
developed by the Industrial Products Div. of Hoffman Electronics 
Corp., El Monte, Calif. 

The new system, called the “solar tracker,” increases normal 
power output of solar cells approximately 500%, while ensuring 
near-perfect output stability over the entire daylight period. It 
will produce about 16 watt-hours of electricity per day and re- 
quires practically no maintenance. 

One immediate application for Hoffman’s new solar tracker is 
atop warning buoys in offshore oil fields. The system will charge 
batteries during the day, and the stored electricity will operate the 
flashing lights and other devices needed to define traffic lanes. 

Other projected applications are telephone relay stations, re- 
mote radio installations, and remote telemetering locations. 

The solar tracker consists of a servo system and a solar con- 
centrating system integrated into a 14-in. x 3-in. “shadow” panel 
attached to a reflector shaped like a section of a cylinder. Sensing 


(continued on next page) 
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seal leakage, but solutions to the 
seal problem now are available. 

Problems associated with placing 
a number of thermionic diodes in 
series within a focal area still have 
to be solved. At present, each diode 
generates less than one volt at full 
load, and a space-use solar thermi- 
onic power source is practical only 
if enough diodes can be connected 
in series to produce 12 or more 
volts per converter. 

It can be argued that static de- 
vices such as thermoelectric and 
thermionic converters should have 
better reliability than dynamic con- 
verters using rotating or reciprocat- 
ing parts. On the other hand, well- 
designed machines with moving 
parts have demonstrated amazing 
reliabilities: for example, the com- 
pressor of a domestic refrigerator. 
Furthermore, dynamic energy 
converters will develop much more 
power per cubic foot than can 
present-day static converters. 

The most significant dynamic en- 
ergy converters being developed for 
space use are mercury turbines and 
Stirling-cycle engines. 

Boiling mercury in a turbine 

Early concepts for solar-heated 
space power plants showed steam 
engines or turbines and paraboloidal 
concentrators. Subsequent analysis 
has shown that steam is not a 
particularly good working fluid for 
space use, since waste-heat must be 
dissipated by radiation. The re- 
quired area for a steam condenser 
is too large for practicality. 

In contrast, a system employing 
mercury boiling at 1000 F and 100 
psia would require only one-third 
as much radiator area. Mercury has 
other advantages. For example, a 
40,000 rpm centrifugal boiler-feed 
pump with a rotor diameter of only 
1/3 in. can provide 280 psi pressure 
and a flow of 40 lb per minute at 
an efficiency of 35%. 

These advantages of the mercury- 
vapor turbine led Thompson Ramo 
Wooldridge to begin development of 
this cycle in 1956. In October 1957, 
the month when Sputnik I was 
launched, TRW was awarded a 
subcontract for development of a 
mercury turbine with a radioisotope 
heat source for use in space. Later 
the development was redirected to 
a 3-kw unit operating from a nu- 
clear reactor heat source. 

Many problems had to be solved 
in the course of mercury turbine 
development. For example, useful 
thermodynamic data about mercury 
and its vapor were almost non-ex- 
istent, and had to be obtained by 
test. The zero-gravity boiling and 
condensing phenomena were often 
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questioned, and only recently were 
boilers and condensers proved by 
operation in a temporary zero 
gravity environment (during a KC 
135 jet airplane flight 

Last year the NASA awarded a 
contract for mercury turbines for 
the Sunflower solar-power systems 
In the Sunflower concept, part of 
the heat provided by the concentra 
tor (which opens after launch) will 
operate the mercury boiler, and the 
rest of it will melt lithium hydride 
When the vehicle goes into the 
earth’s shadow, the mercury will be 
kept boiling from the latent heat 
due to freezing of the lithium hy 


dride 


Stirling’s red hot engine 
—30 years early 


The other significant dynami 
converter, the Stirling engine, or 
iginally was a closed-cycle, external 
combustion, reciprocating heat en 
gine employing regeneration; that 
is, the working gas did not commu 
nicate with the atmosphere, burning 
took place outside of the cylinder, 
ind the engine had a regenerator 
that stored heat from one part of 
the cycle to another 

Che Stirling engine was invented 
by Rev. Robert Stirling, of Dum 
barton, Scotland in 1816 when he 
was 26 years old. There can be little 
doubt that Stirling was a genius 
When he invented his engine, the 
basic laws of thermodynamics, as 
developed by Prof. Rankine, Ru 
dolph Clausius, and Nicolas Carnot 
were still 30 years in the future; the 
mechanical equivalence of heat and 
work was not discovered until 1844 
by Joule. To conceive a regenerator 
for storing heat from one part of 
the cycle to the next in the year 
1816 was a real breakthrough 

Lack of thermodynamic know 
ledge caused the decline of the Stir 
ling engine in the 19th century 
Stirling insisted that his engine re 
quired heat only to make up radia 
tion, conduction, and convection 
losses. He did not realize that heat 
nput had to include engine heat 
losses, as well as the thermal equiv 

ent of the engine’s power output 

s the cycle losses. Thus, Stirling 
ide his cylinder heads smooth for 
nimum heat transfer. To keep the 

running with this poor heat 
er arrangement, operators had 
the cylinder heads red hot 
ilt, the cast-iron cylinder 
vould crack after a few years 
tion 
inds of engines employing 
ycle and modifications 
cle were built in the late 
regenerators were aban 


ike of simplicity, at 


the cost of weight and efficiency 
One 0.9 hp engine weighed two tons 
ind had 1.4% efficiency. The en 
gines were bought only because they 
were quiet and required no boilers 
The era of the old air engines ended 
in 1939 when the last one was made 
by the Kessler Co., of Chicago 
Yet even before the death of the 
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solar cells are located on top of the panel and on each side of its 
base attached to the reflector (see diagram 1). 

As long as the sun’s rays are distributed evenly over the shadow 
panel, the tracker does not move. But as the sun moves across the 
sky, the pattern of light rays falling on the sensing cells shifts. 
This causes the cells to activate a small motor, attached to the 
panel, which re-positions the system so that the sun’s rays again 
are distributed equally across the sensing solar cells (diagram 2). 
In this manner the system, and most important, the reflector, 
always faces the sun for maximum output and stability (diagram 3). 

The reflector is shaped so that it concentrates the sun’s rays 
onto silicon power solar cells located underneath the ridge at the 
top of the shadow panel (diagram 4). The solar energy hitting these 
cells is four to five times that of normal sunlight, greatly increasing 
the power generating capability of the cells. Additional heat dis- 
sipated by the power cells is carried off by the shadow panel. 

The output of the solar tracker can be increased simply by 
extending the length of the panel and adding more solar cells. » 








During his 12 years at Boeing, 
Henry Oman has designed and tested 
electric power systems 

for airplanes, preliminary design 
missile Os and space ve hicles 

fe has be en u orking 

on the generation of electric power 


j j 


from electrochemical, solar, and 


nuclear sources since 1956 


SUNFLOWER solar mercury Rankine 
power conversion system has been 
developed by scientists 

in the TAPCO group 

of Thompson Ramo Wooldridge. 


old engine, the rebirth of the Stir- 
ling cycle had started. The N. V. 
Philips Laboratories, Eindhoven, 
Netherlands, was looking for a 
quiet, efficient, portable engine for 
powering electronic equipment in 
remote regions. Philips’ scientists 
spent years in thermodynamic anal- 
yses and mechanical design. For 
example, configurations such as op- 
posed piston, V-type, and radial 
engines were considered and then 
abandoned in favor of the original 
design invented by Stirling 140 
years before! Modern technology 
was applied to heat exchangers, gas 
flow dynamics, seals, and regenera- 
tors. Use of high-pressure hydrogen 
instead of air for a working fluid 
solved lubrication problems and 
improved engine efficiency to an 
amazing 40%. 
Combustion air not required 
The Stirling engine can be used 
in space power plants because it 
doesn’t require combustion air. It 
doesn’t matter if the heat source is 
a blow-torch, concentrated sunshine, 
or nuclear heat. The high cycle 
efficiency is important because it 
means small solar concentrators and 
small waste-heat radiators. The Stir- 
ling engine has no internal combus- 
tion or explosions, and the mass of 
the reciprocating parts can be coun- 
terbalanced to a precision where 
there is no perceptible vibration 
Torques can be balanced by the use 
of contra-rotating generators. 
Solar-heated Stirling-engine 
power sources for space application 
are being developed currently by 
the Allison Div. of General Motors 
Corp. under U.S. Air Force spon- 
sorship. A preliminary design of a 
3-kw power source for satellites 


shows a weight of 567 lbs. This 
weight includes a 19-ft diameter 
solar concentrator, a 160-sq ft 
waste-heat radiator, and a 45-lb 
lithium-hydride heat reservoir. The 
567 lbs compares with an estimated 
700 lbs for a mercury-turbine sys- 
tem, and more than 1,000 lbs for 
equivalent silicon solar cells and 
batteries. 

The only problems in applying 
the solar-heated Stirling engine to 
space use are reliability and lubrica- 
tion in a zero-gravity environment. 


Solar power on earth? 


Predicting future uses for solar 
space-power plants can be danger- 
ous. None of the 1954 to 1956 pre- 
dictions for silicon solar usage were 
for space application; yet today 
whole industries have been built for 
supplying solar-cell panels for that 
purpose. 

It will be interesting to see which 
solar power system turns out to be 
the best for space application. The 
dynamic and static systems employ- 
ing solar concentrators all offer 
hope for low weight and reasonable 
cost. On the other hand, silicon 
solar-cell power supplies are work- 
ing in space today, and improve- 
ments in performance and reduc- 
tions in cost undoubtedly will come. 
Combining solar cells with a simple 
Somor concentrator, which requires 
only modest orientation, could ex- 
tend the usefulness of solar cells 
considerably 

Scientists always find it difficult 
to justify solar power on earth sur- 
face use. Some $350,000-worth of 
high-efficiency silicon solar cells will 
generate one kilowatt of electric 
power when sunshine is available. 
The same kilowatt produced by con- 


ventional generation costs one cent 
an hour (in the Pacific Northwest) , 
or $87.60 if consumed continuously 
for a year, day and night. 

Yet if high-performance low-cost 
equipment becomes available, new 
uses for solar power plants undoubt- 
edly will be found. Use of cheap, 
low-efficiency solar cells with Somor 
concentrators certainly would make 
solar-cell power economically ap- 
plicable where high-efficiency cells 
by themselves are marginal. Uses 
also could be found for high-quality 
concentrators and mechanical and 
thermionic conversion apparatus if 
they became low enough in cost. 

The heat-energy converters will 
be useful in fields other than solar 
energy conversion. The knowledge 
about the mercury-turbine cycle 
gained during space-power research 
will be useful in designing liquid- 
metal cycles for nuclear plants. 

The Stirling engine appears 
nromising. Today the fuel-burning 
Stirling engine is heavier than the 
gasoline automobile engine for the 
same power, but for equal output 
it burns only about half as much 
fuel. Its outstanding characteristic 
is silent operation; the noisiest com- 
ponent is the burner. Low main- 
tenance cost would be expected to 
result from the absence of combus- 
tion products and oxygen in the 
combustion chamber, and the ab- 
sence of an ignition system. 

There can be no doubt that more 
and more energy needs of mankind 
will be derived from conversion of 
solar radiation to power. The supply 
of fossil and nuclear fuels on earth 
is limited, and as these supplies are 
depleted, costs will rise. The cost 
of sunshine remains constant— it’s 
free. a 
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Tix FIRST METHOD of generating 
electricity was probably frictional, 
and as early as the 7th century 
B.C. Greek philosophers were aware 
that rubbing amber gave it the prop- 
erty of attracting light objects. On 
the other hand, chemical cells that 
might have been used for electro- 
plating have been found near Bagh- 
dad in the ruins of the Parthian 
Kingdom (250 BC to 224 AD). 


Irrespective of which method of 
generation was first known to man, 
there is no doubt that the first ma- 
chine generators of electricity were 
electrostatic. These appeared in the 
18th century and charge separation 
was again accomplished by friction. 
Except for the various forms of fric- 
tional induction machines devised 
in the 1860s, no significant improve- 
ments were made in electrostatic 
generation until about 1932. 

Progress was not faster because 
it was not appreciated that high 
dielectric strengths (the ability of 
the insulating medium to withstand 
high electric fields) are required 
if machines generating by electric 
field variations are to be compact. 
Thus, when the great need for power 
developed in the 19th century, the 
electrical industry concentrated its 
attention on electromagnetic ma- 
chines. 

A renewed interest in electrostatic 
power developed with the invention 
of the belt machine by R. J. Van 
de Graaff in 1932. In this machine, 
charge is sprayed onto a moving 
dielectric belt that carries it to a 
terminal where a high potential is 
developed. The belt normally oper- 


ates in a compressed gas to provide 
high dielectric strengths. The Van 
de Graaff generator, of course, is 
now an important tool of the nu- 
clear physicist. 

In the late 1930s, A. F. Joffe and 
B. M. Hochberg in Russia were ac- 
tive in developing rotating electro- 
static machines. It is difficult to 
assess the success of their efforts, 
but one of their many machines was 
13 ft high and apparently incorpo- 
rated a successful vacuum tube for 
one-million volts. 

Since about 1942, much research 
on rotating electrostatic machines 
has been conducted in France at 
the University of Grenoble under 
N. J. Felici. This work led even- 
tually to the development of rotat- 
ing dielectric cylinder generators, 
produced by the French company, 
Société Anonyme de Machines 
Electrostatiques, for voltages up to 
600 kv. 


High dielectric strengths 


In general. high-pressure gases 
have been used to provide high 
dielectric strengths in electrostatic 
machines. Other approaches use 
liquid dielectrics and high vacuum. 
Unfortunately, liquid dielectrics ob- 
viously limit machine speeds and so 
far exhibit unattractive ionic con- 
ductivities. 

This leaves high vacuum, which 
has been stated to be both “promis- 
ing” or “unpromising” by various 
experimenters. With the need for 
power conversion equipment in 
space where very low pressures ex- 
ist, and with advances in vacuum 
technology, the vacuum insulated 





electrostatic generator definitely has 
become the most promising. 

As with other non-conventional 
power conversion devices, develop- 
ment of vacuum electrostatic gen- 
erators is being accelerated by the 
growth of space technology. Large 
powers, of the order of megawatts, 
will be required (probably early in 
the 1970s) for the electrical propul- 
sion of manned spacecraft on more 
distant missions, such as to Venus 
and Mars. The source of this power 
almost certainly will be thermal en- 
ergy from a nuclear reactor which 
will be converted to electrical power 
by either a static or a dynamic 
system. 

Static systems, such as thermi- 
onic and thermoelectric converters, 
most likely will be the most suitable 
means of converting large power in 
space eventually. However, such 
systems have far to go and serious 
problems remain to be solved. It is 
likely that, for an appreciable time 
before static systems are available, 
megawatt powers in space will be 
achieved with dynamic systems. 


Dynamic power systems 


To appreciate the qualities of 
electrostatic generators that make 
them attractive for space use, it is 
first necessary to examine the re- 
quirements of both dynamic space 
power systems and of the loads 
which they have to supply. For ex- 
ample, the National Aeronautics & 
Space Administration’s SNAP 8 
system (diagram 1, page 72) will 
develop 30 kw in the initial stages 
and probably will be the first reactor 
system to go into space. 








ELECTRIC CHARGE sprayed 
on a rapidly moving 
insulating belt (1 and 2) 
initiates the operation 
of a Van de Graaff 
electron accelerator. 
The charge transfers 
automatically from 

the belt to the 

terminal (3), thereby 
establishing a high 
potential. An atmosphere 
of compressed nitrogen 
insulates the terminal 
to prevent arc-over (4). 
A very high vacuum 
glass and metal tube (5) 
provides the only 

path for the electrons 

to escape from 

the cathode. Electrons 
are accelerated 

to high velocities (6). 
The electron beam then 
is scanned by magnetic 
cotls (7) to cover 

the product passing 
beneath. Dosage 

of the radiated product 
(8) depends on the speed 
of the conveyor belt, 
energy of the beam, 

and width of the scan. 
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by Dr. Sam V. Nablo, manager of electrical propulsion, 


and Dr. A. Stuart Denholm, manager of power conversion, Goodrich-High Voltage Astronautics Inc. 


INDUSTRIAL RESEARCH—OCT, 1961 7 





r- —_ 


+ RADIATOR 


30 KW 


G TOR 
TURBINE SNERA S 


\BOILeR’ 


REACTOR 
q{] sopium PuMP 


4 
My 
l J 


A later version of SNAP 8 will 
use two turbogenerators with the 
reactor to develop 60 kw, which, 
using electrical propulsion, could 
a 9,000 lb spacecraft from a 
200-mile orbit to a 22,000-mile (or 
24-hour) orbit. This spacecraft 
could be placed at a 200-mile orbit 
by the Atlas/Centaur combination, 
and it is estimated that the elec 
trical propulsion approach would 
a larger payload in the 24 
hour orbit than a chemical propul 
sion system—and more cheaply 

Of course, the orbit transition 
with electrical propulsion would 
take about 60 days at the low thrust 
levels associated with 60 kw, where 
is with chemical propulsion the 
transition would take only several 
hours 


boost 


place 


A massive heat sink 


It can be seem from diagram 1 
that the reactor heats a primary 
fluid (sodium-potassium mixture 
which in turn heats the turbine 
working fluid (mercury) via a heat 
The turbine heat sink, 
a radiator, is the most massive part 
of the system because a spacecraft 
can lose heat only by radiation 
Present systems have an optimum 
radiator temperature of about 1200 
F, and with advancing materials 
technology this optimum tempera 
ture probably will increase 

It is obvious that an electrical 
generator has to operate close to the 


exchanger 


turbine to which it is coupled (in 
the SNAP 8 system it is contained 
with the turbine) and its operating 
temperature will be at least that of 
the radiator unless it is force-cooled 
Thus a generator for space should 
be capable of high-temperature op 
eration and have a high efficiency 
preferably approaching 100%, 


Interplanetary power 


Fundamentally, a space vehicle 
propulsion system will consist of 
the nuclear heat source, power con 
version equipment, and thrust de 
vice contained within an integrating 
tructure. For the types of missions 
now under study, mainly capture 
or impacting programs to Venus and 
Mars, the dominant power demand 


irises in the propulsion system 


itself. As a result, some appreciation 
of the types of propulsion systems 
suitable for these missions is neces 
sary in order to view the supply 
requirements in the proper perspec 
tive 

Propulsion systems for space 
broadly classified as 
chemical or electrical, depending 
upon the principle of operation of 
the rocket. But a more meaningful 
classification would be energy- 
limited or power-limited. In energy 
limited systems, the total amount of 
energy is the dominant design fac- 
tor, while in power-limited systems, 
the level of power production pre 
dominates 

Thus, for the chemical system, 
the propellant available is propor 
tional to total energy stored in the 
engine, whereas nuclear or solar 
supplies are limited by the direct 
dependence of their masses on the 
power they produce. Into which 
realm do interplanetary vehicle re- 
quirements fall? 

Interplanetary missions demand 
large velocity increments of a space- 
craft in order to obtain a practicable 
trip duration. Thus, large exhaust 
velocities are required from the en- 
gine, and the nuclear source must 
deliver a large and sustained output 
of electrical power. As a result, 
space propulsion systems are power- 
limited. Their performance will de- 
pend very sensitively on the specific 
power figure for the primary supply. 


vehicles are 


Electric thrust engines 

Electric thrust engines now under 
study generally fall into three cate 
gories which may be characterized 
by a specific impulse (a thrust de- 
veloped per unit of propellant mass 
exhausted 

s Electrothermal thrust units 
have been developed at low specific 
impulses (less than 2,000 seconds ) 
to practicable efficiencies and thrust 
levels. In principle, the propellant 
gas is heated by an electric arc to 
extremely high temperatures and 
then exhausted through a nozzle 

s Electromagnetic devices have 
shown considerable promise in the 
medium specific impulse range ( over 
2,000 seconds), but are far from 
flight status. Such engines involve 
the acceleration of a conducting 
plasma by magnetohydrodynamic 
techniques. As such, they represent 
inherently heavy devices of low 
power efficiency. Recent advances in 
the development of high-permeabil- 
ity low-density magnet configura 
tions suitable for MHD applications 
could bring this approach to a use 
ful level of performance before the 
end of this decade 

s Electrostatic systems have 


been developed for high specific im 
pulse engines (greater than 5,000 
to the point where low- 
thrust flight prototypes are now 
available—that is, engines develop- 
ing less than 0.1 lb of thrust 

Electrostatic units are essentially 
high-current ion sources possessing 
good propellant and power efficien- 
cies wherein charged particles (us- 
ually in ionic form) are accelerated 
in a single potential gap to the 
desired velocity. Power efficiency of 
electrostatic devices is significantly 
greater than either of the others, 
and can approach 100% in a well- 
designed unit operating at higher 
specific impulses (over 20,000 sec 
onds 

However, a problem peculiar to 
this engine has not yet been re- 
solved completely and will be the 
prime goal of the first engine flight 
tests performed in next year’s bal 
listic shots. This is the vehicle neu- 
tralization problem: since charged 
particles are being expelled as the 
propellant (through electrostatic 
acceleration), a net charge will re- 
main on the vehicle which must be 
neutralized to assure that no con 
comitant beam instability or thrust 
loss occurs. 

NASA plans to use electric en- 
gines in spacecraft for Mars and 
Venus probes and orbiters and 
probes to the sun, Mercury, and 
Jupiter. The first electrically pro- 
pelled spacecraft flights are sched- 
uled for 1963 using the Atlas/Cen- 
taur booster. More ambitious mis- 
sions using the Saturn booster are 
planned for later in the decade. 

Of space power sources under de- 
velopment, the SNAP 8 supply has 
been used in most mission analyses 
This unit, designed in one version 
to deliver 60 kw electrical output at 
a specific power of 0.02 kw per lb, 
has a nominal lifetime of 415 days. 
These specifications for the first 
true space power system limit useful 
thrust when total flight time be- 
comes a consideration. 


seconds 


Mission to Mars 

A practical application of the 
electrical vehicle is the Mars 
orbiter. The spacecraft would be 
launched into a 1,000-mile orbit by 
an Atlas/Centaur booster. The elec- 
tric engines then would take over, 
providing sufficient tHrust for a slow 
spiral orbit out from the earth with 
escape effected at approximately 
the distance of the moon from the 
earth. A sustained thrust would re- 
sult in a transfer to a Mars orbit. 
Once in orbit, the engines would be 
turned off to permit data transmis- 
sion with the remaining available 
power 





vacuum Vauges for low pressure 


measurement. The Westinghouse line of pressure 
measuring devices is broad and standardized for 
typical applications in industrial vacuum proc- 
essing systems, laboratory and research work, 
environmental testing and space exploration. 
Their sensitivity and rugged construction is 
proven by successful performance in NASA'S 
Aerobee Hi Rocket at altitudes from 70 to 125 
miles. Specialized devices are offered in enve- 
lopes and tubulation made of Pyrex and Nonex 
glass and Kovar. Standard tubulation is from 3" 
to 1" and special larger sizes can be supplied. For 
direct mounting into the vacuum system, flange- 
mounted gauges are available. Most of these 
gauges are available from stock to 30 days de- 
livery. Developmental work is progressing on 
extending the Bayard-Alpert type range and in 
the cold cathode gauge principle. Whether your 
application is standard or special, write on your 
Company letterhead to: Westinghouse Electric 
Corporation, Elmira, N. Y. You can be sure... 
if it’s Westinghouse. 
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| Pressure sensitive ranges of Westinghouse Vacuum Gauges in mm of Hg. 
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FLIGHT Time, oars 


Some indication of terminal mass 
of the spacecraft in a 500-mile orbit 
around Mars—after launching from 
an initial 7,500-lb system mass in 
a 1,000-mile terrestrial orbit is 
shown in diagram 2. These calcula 
tions, made at the Jet Propulsion 
Laboratory, are valid to within 10% 

The following conclusions are 
evident from the calculations: flight 
time depends primarily on thrust, 
whereas’ terminal depends 
primarily on specific impulse. Now 
the thrust is limited by the power 
plant itself; hence, an engine thrust 
of at least 0.4 lb must be provided 
for the Since the total 
powerplant and thrust system will 
weight some 4500 Ibs, a_ specific 
impulse of at least 4000 seconds 


mass 


mission 


must be provided to yield a useful 
payload weight 
The summary 
interplanetary mission analyses 
executed at JPL yields a_ useful 
prognosis for system requirements 
through this decade. The gross pay 
loads delivered are the terminal 
mass minus the powerplant mass 


below of several 


While the analyses are prelimin 
ary, they show the severe reliability 
and lifetime requirements imposed 
upon an electrical propulsion sys 
interplanetary 
The role of materials research in 
developing useful interplanetary ve 
hicles cannot be overestimated 


tem tor missions 


The range of specific impulse re 
quired of the electric engine for 


Mission Powerplant Thrust 


these missions clearly indicates the 
necessity of electrostatic thrust de 
vices capable of sustained operation 
at medium specific impulse; that is, 
below 10,000 seconds 


Project Rover 


Another type of advanced pro 
pulsion system that has been less 
extensively studied is the direct 
nuclear system now being developed 
under the AEC-NASA-sponsored 
Project Rover. The schedule calls 
for experimental flights in 1966 to 
67 with the ultimate goal of devel 
oping a nuclear third-stage engine 
compatible with the Saturn booster 

This system is coraparable to the 
electrothermal, except that the 
working gas (hydrogen) is heated 
to high temperatures in the reactor 
core and expands through a nozzle 
to provide specific impulses in the 
range of 1,000 seconds. (The most 
energetic chemical propellants are 
theoretically capable of specific im 
pulses up to about 400 seconds 

The direct nuclear system is cap 
able of high thrust and accelerations 
several orders of magnitude greater 
than ion-electric en 
gines. The two systems have com 
parable terminal mass yields with 
a slight flight time advantage lying 
with the nuclear rocket. Higher 
energy missions such as a Jupiter 
flight demonstrate a clear-cut advan 
tage for the nuclear-electric (ion 
approach 

High efficiency nuclear-electric 
power sources in the one megawatt 
range will be in demand by the last 
half of this decade. The develop 
ment of high-performance boosters 
such as Saturn and the realization 
of reliable electric engines capable 
of high specific impulse thrust in 
the 0.1-lb range will prove to be 
sterile accomplishments without the 


foreseeable 


Gross Pay 
Specific impulse Mission Time Load 





Lunar orbit 60 kw 0.4 Ibs 
Venus capture 60 0.4 
Mercury capture 1,000 7.9 
Jupiter capture 1.000 40 
Saturn capture 1,000 1.0 


5,000 sec 200 days 

5.000 360 

5.000 250 
10,000 650 
10.000 800 


4.500 Ibs 
4.000 
21.000 
2? OOO 
15.000 








primary power systems necessary 
for the achievement of these difficult 
interplanetary missions. 


Vacuum electrostatic generators 


For convenience, electrostatic 
generators may be classified as 
charge transfer machines and vari- 
able capacitance machines. Electro- 
static generators now available com- 
mercially are of the charge transfer 
type and are used as convenient 
tools for developing high voltages 
rather than for power conversion 
although in principle they are 
mechanical to electrical power con- 
verters. 

The variable capacitance forms 
of machines were examined at some 
length by J. G. Trump and R. J. 
Van de Graaff in the early 1930s. 
At that time, Trump demonstrated 
that they were almost 100% effi- 
cient. It is the variable capacitance 
generator, which has never had 
commercial exploitation, that is 
being investigated as a promising 
power conversion device for space, 
particularly because of its simplic- 
ity and its possibility for brushless 
operation. 

The variable capacitance machine 
is simple in principle. If voltage is 
applied across the plates of a ca- 
pacitor, a force is developed that 
tends to draw the plates together. 
Basically, this happens because 
applying a voltage across a capaci- 
tance is the same as placing a posi- 
tive charge on one plate and a cor- 
responding negative charge on the 
other plate, thereby developing an 
electric field between the plates. 

When the plates are moved apart 
against the electrostatic force, an 
exchange of energy takes place be- 
tween the mechanical driving sys- 
tem and the circuit maintaining 
voltage across the plates. Corres- 
pondingly, if the plates are allowed 
to collapse, they can do physical 
work at the expense of the energy 
in the circuit maintaing the voltage. 

Hence, it can be seen that there 
is a generating action as the plates 
are moved apart (capacitance de- 
creased) and a motoring action as 
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they are moved together 
tance increased ) 

If the same voltage is maintained, 
both with increasing and decreasing 
capacitance, the net exchange of 
energy is ideally zero. However, by 
suitably varying the voltage in the 
cycle of capacitance change, a net 
generating or motoring action can 
be developed. A pulsating capacitor 
is not a convenient form mechan- 
ically, and rotary machine configur 
ations not unlike a rotary tuning 
capacitor are used to obtain capaci 
tance cycling 


( capaci- 


100% efficiency 


An a-c form of this machine 
which is similar in operating char 
acteristics in many respects to the 
electromagnetic synchronous ma 
chine—-is simplicity itself. An early 
working model used by Trump to 
demonstrate near 100% efficiency 
is shown below 

The almost perfect efficiency is 
achieved because the loss mechan- 
isms which can exist in the vacuum 
electrostatic machine are weak 
Electromagnetic generators can be 
better than 90% efficient, the losses 
being due to hysteresis and eddy 
currents in the iron, copper losses 
in the windings, and bearing fric- 
tion and windage. The vacuum in- 
sulated electrostatic machine obvi 
ously has no windage loss, no iron 
loss, and negligible copper loss, 
since relatively small currents flow 
in the massive blades as the charges 
are redistributed during the cycle 
of capacitance 

Simple circuits using rectifiers 
can be used to make the vacuum 
insulated machine develop direct 
voltage, and these rectifiers can be 
incorporated in the machine struc- 


ture itself, since it is a high-vacuum 
device. In fact, electronic commuta- 
tion is one method of producing a 
brushless machine. 

As far as a rectifier is concerned, 
there is no change in the action if 
either the anode or the cathode 
spins. The first d-c vacuum electro- 
static machine, which developed 
about 150 watts at 10 to 20 kv and 
confirmed convincingly the theory of 
such circuits (before being mounted 
for posterity), is shown below. 

It already has been noted that 
high field strengths have to be de- 
veloped in electrostatic machines to 
make them compact, and the choice 
was between high-pressure insula- 
tion and high vacuum. Currently, 
high-pressure insulation is a more 
reliable insulating medium at very 
high field strengths than high vac- 
uum, but it has to be excluded be- 
cause of the prohibitive windage 
losses associated with the high op- 
erating speeds of space power sys- 
tems, for example, 24,000 rpm. 

Experiments show that a one mm 
gap vacuum can insulate at least as 
much voltage as, for example, hy- 
drogen at 50 atmospheres. Improve- 
ments in insulation strength are 
most significant since doubling the 
electric field strength increases the 
power from a given machine by a 
factor of four. 


Lubricating in space 


For a machine to be driven in 
space, the problem of shaft sealing 
and bearing lubrication must be 
solved. There is now great interest 
in dry-film lubrication of bearings 
primarily as a solution to high 
temperature, high-speed operation 
Such films have been used in vac- 
uum-insulated electrostatic genera- 


THE MARK I (upper left) 
is an experimental 
vacuum-insulated 
electrostatic generator 


developed in 1932 


by Dr. J. G. Trump. 
First machine of its type, 
it delivered 60 watts 


tors with encouraging success. 
Otherwise, it is possible to seal 
bearings with a suitable lubricant 
if a satisfactory seal is available. 

At one time, shaft sealing was 
considered a greater problem than it 
is now. This optimism is due in part 
to some encouraging results from 
ground operation into vacuum sys- 
tems with small pumping capacities 
using face seals, and the realization 
that in space some leakage can be 
tolerated—it will hardly raise the 
pressure! 

The vacuum-insulated  electro- 
static generator is being developed 
as a serious contender for power 
conversion in space, particularly for 
those large loads associated with 
electrical propulsion. Electrostatic 
generation’ normally is associated 
with very high voltage generation. 
Yet this form of machine can de- 
velop power effectively at voltages 
as low as 5 kv, and possibly lower. 

On the other hand, it can develop 
potentials approaching a _ million 


volts. Perhaps of more significance 
is the generator’s high efficiency and 
suitability for high-temperature op- 
eration which allows flexibility in 
the design of the other component 
parts of the power system. 


Terrestrial dividends 


What significance has the vacu- 
um-insulated generator program for 
industry? 

Secondary benefits include ad- 
vances in the knowledge of support 
and sealing devices for high-speed 
rotation in vacuum and of vacuum 
insulating strength. Since the gen- 
erator develops large powers at 
high voltage, it may find many ap- 
plications in the fields of nuclear 
physics and radiation processing. 

In that event, the generator is 
doubly attractive, because it is a 
vacuum-insulated device and can 
be integrated with various kinds of 
particle accelerators and analyzers 
that also operate in vacuum. 

There also is the possibility of 
generating for high-voltage d-c 
transmission, which has many at- 
tractions for extra-long-distance 


at better than 99%, 
efficiency. Vacuum 


power transmission and the inter- 
connection of independent networks. 

In 1933, J. G. Trump envisaged 
expected to become the generation transmission and 
switching of large powers using vac- 
uum insulation throughout. The 
vacuum switch is now an accomp- 
plished fact used on many systems 
for capacitor switching. Strangely 
enough, its main disadvantage is 
that it switches too well (too quick- 
ly). Perhaps vacuum-insulated gen- 
erators someday will appear along- 
side vacuum-insulated switches. » 


insulated generators are 


serious contenders 

for power conversion 
in space. The Mark Il 
generator (lower left), 
developed by Goodrich- 
High Voltage 
delivers 150 watts 


Astronautics, 


at 20 kv, yet at also can 
develop power at voltages 


as low as 5 kv. 





GARRETT-U.S. AIR FORCE ‘SPUR’ 


--One answer to America’s future power needs in space 


Eliminates 
giant size 
and weight 
barriers to 
large power 
systems 


The joint U.S 


research 


{ir Force-AEC Project SPUR is a 


and development program being conducted 


Long lead time is essential to the 
development of large nuclear 
space power systems. Present meth- 
ods of power veneration would require 
an impractical heat rejection surface 
nearly the size of a football field for a 
power output of one megawatt — power 
which will be needed for critical space 
missions already in the planning stage. 

Garrett’s AiResearch Divisions have 


THE 


by an industr 


Nucleonics 


(generator 
P 


potassiun 


tor, primary a 


wer i 


y team of Garrett. Aé rojet-General 
reactor) and Westinghouse, Lima 


provide a power source to produce 
300-1000K W electrical powe 


rin space jor one year or 


obtained by conversion of nuclear 
to mechanical (shaft) power u ith a 
wr turbine. Equipment includes: reac- 
nd secondary loop pumps, boiler, turbo- 


generator and condenser-radiator. 


now completed the initial SPUR design 
studies and proved the project's feasi- 
bility to supply continuous accessory 
power and low thrust electrical propul- 
sion in space for long periods of time. 

Cutting projected 1 MW power sys 
tems to 1/10th the size and 1/5th the 
weight of present power systems under 
development will be possible because 
of SPUR’s capability to operate at 
higher temperatures, thereby sharply 

reducing the required radiator area. 


CORPORATION 


Garrett has been working with the 
Air Force and the Atomic Energy 
Commission on SPUR as the prime 
contractor for more than one year and 
has more than five years of experience 
in space nuclear power development. 
Also an industry leader in high speed 
rotating machinery, heat transfer 
equipment, metallurgy and accessory 
power systems, the company is devel- 
oping design solutions for SPUR in 
these critical component system areas. 


AiResearch Manufacturing Divisions 


Los Angeles 45, California « Phoenix, Arizona 


Systems and Components for: AIRCRAFT, MISSILE, SPACECRAFT, ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS 
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by Dr. Charles E. Crompton, director, nuclear chemistry dept., The Martin Co. 


A MAJOR SPACE FEAT was scored 


by the United States on June 29, 
1961, when the world’s first nuclear 
powered space system, the Navy’s 
satellite, was 
launched Even more 
recently, the world’s first radioiso 
topic-fueled weather station was 
installed in the Arctic by the Atomic 
Energy Commission. With these 
achievements, a fascinating new 
method of generating electricity be 
available to man 


Transit navigation 


successfully 


came isotopic 
power 

The tremendous strides made in 
miniaturization of circuits has 
focused attention on a companion 
small, durable, reliable, 
electrical generators in the range of 
500 watts that will power 
devices and _ telemetering 
equipment for long periods of un 
ittended operation 

These atom-fueled generators 
operate with no moving parts. Heat 
energy is derived from the decay 
of radioactive isotopes and is con 
verted directly to electricity. Such 
generators possess lifetimes depend 
ent only upon the gradual decay 
of their radioactive heat sources 

The advent of these unique de 
vices has sparked interest in their 
use as sources of power for diverse 
equipment in remote regions of the 
earth or in The 
powered generator in the Transit, 
for example, is capable of providing 
continuous power for years 

Yet, for many purposes, continu 
ous power is not required and these 
power systems may be coupled to 
battery packs to deliver pulses of 
during the duty 
Meteorological data-gather 
ing stations and remote radio bea 
cons and warning devices can use 


need for 


one to 
sensing 


space isotopic 


electrical power 


cycle 


pulsed power sources 
The plutonium-powered SNAP 


A non-fissionable form of pluton 
fuel in the SNAP 
Nuclear Auxiliary 
Power ) generator designed and built 
by The Martin Co. for the AEC to 
provide continuous power in the 
satellite. The Transit sys 
tem is being developed for the U.S 
Navy by the Johns Hopkins Applied 
Physics Laboratory, Howard Coun 


ium is used as 


Systems for 


Transit 
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ty, Md. Heat released by spontan 
decay of plutonium-238 is 
transformed directly into electrical 
energy by a thermoelectric system. 
A white coating on the generator 
helps it radiate excess heat and cuts 
down the amount of heat energy 
absorbed from the sun’s rays. 

Shaped like an elongated sphere, 
the SNAP generator powers the 
satellite’s instruments and two of 
its four transmitters. Solar cells 
power the other two transmitters 
The lightweight, compact generator 
is only about 5 in. in diameter and 
5% in. high 

The SNAP generator in Transit 
is similar in concept to the SNAP-3, 
the first practical radioisotope-fueled 
generator revealed in January 1959 
by President Eisenhower. The 
SNAP-3, weighing four lbs, pro 
duced 3.3 watts at an efficiency of 
5.5%. Heat from the fuel, 0.38 gram 
of polonium-210 (an artificially pro- 
duced radioactive material), was 
converted to electricity by 27 
thermoelectric couples made of lead 
telluride. Minnesota Mining & 
Manufacturing Co., St. Paul, sup- 
plied the original thermoelectric 
converter 

SNAP-1A, another generator, is 
considerably larger (34 in. high and 
24 in. in diameter). It is designed 
for fueling with the radioisotope 
cerium-144, and would provide a 
minimum of 125 electrical watts for 
one year — after which the power 
gradually would diminish. Although 
SNAP-1A has undergone extensive 
environmental and electrical check 
outs, it is being used as a test bed 
for advanced development and is 
not now scheduled for fueling 


eous 


Strontium weather station 

For the past 20 years, weather 
bureaus all over the world have 
sought to improve automatic 
weather stations that would operate 
unattended for long periods of time 
In all previous case, stations were 
battery-operated and failed after a 
few days or weeks or, in some cases, 
months. If meteorological informa 
tion could be obtained regularly 
from the polar regions, deserts, 
mountains, tropics, and oceans, ex 
isting gaps in data would be elimi 


POWER 


nated; vastly improved 72-hour 
forecasts and five-day outlooks 
would result. 

Like the SNAP generator now 
beeping signals from the Transit, 
the atom-powered weather station 
recently installed on barren Graham 
Island in Canada’s Northwest Ter 
ritories was developed for the AEC 
at Martin’s Baltimore plant. Unlike 
the satellite generator, the un- 
manned weather station is powered 
by heat from safely-enclosed pellets 
of strontium-90. The heat is con- 
verted into a continuous five watts 
of electricity by a series of thermo- 
electric couples. This electricity is 
stored in rechargeable chemical bat- 
teries until time for transmission: 
every three hours. 

Year-around observations from 
polar regions are now possible for 
long-range weather prediction. Cap- 
able of transmitting over distances 
up to 1500 miles, the radioisotope 
fueled power system uses no mov- 
ing parts, sustains no wear, and 
offers long-term maintenance-free 
reliability. 


Rejected heat for warmth 


The electrical generator and data 
recording and transmission equip 
ment are shown at right. About 95 
watts of rejected heat is used to 
warm the instrumentation since this 
enclosed weather station (26-in. di- 
ameter, 8-ft high) is exposed to 
Arctic temperatures. 

All operations of the station, in- 
cluding shutdown, are controlled by 
a sequencer after initiation by the 
station master timer. Two 460-watt 
peak output signals on two separate 
radio frequencies are provided by 
the transmitter. All weather infor- 
mation is translated into a digital 
code for reliability and ease of 
transmission. 

A floating boat-type strontium-90- 
powered weather station is now be 
ing produced for the Navy and the 
AEC, and a radioisotopic generator 
(Sr-90) is under construction for the 
Coast Guard and AEC to power a 
navigational light buoy. 

Since its discovery, the energy 
of radioactive decay has captured 
scientific imaginations. Unstable ra- 








dioactive atoms release their energy 
in one or more of three distinct 
types of radiation: alpha, beta, and 
gamma rays. Alpha and beta rays 
are particulate in nature and are 
not penetrating: that is, they give 
up their total energy within a very 
short distance of their origin. Gam- 
ma rays are penetrating electromag- 
netic radiations similar to x-rays. 

When an intensely radioactive 
material is confined in a sealed cap- 
sule, these radiations dissipate their 
energy in the surrounding contain- 
ment material, thus raising its 
temperature. Selected isotopes can 
produce high temperatures and 
power densities (watts per gram) 
limited only by material melting 
and heat transfer constraints. Such 
radioactive sources typically are 
made into high melting-point com- 
pounds (oxides or carbides) to 
serve as heat sources. 

Two major types of radioactive 
source materials useful in direct 
conversion generators stem from the 
control of nuclear fission. First, the 
splitting of uranium atoms within a 
reactor leads to production of about 
200 radioactive fission products pre- 
viously considered waste. By 1965, 
it is estimated that radioactive en- 
ergy of fission products generated 
in all U.S. reactors will equal two- 
million watts of power. Of course, 
only a small fraction of this energy 
may be in a form suitable for use 
in isotopic power generators. 

The second type of radioactive 
source materials are chemical ele- 
ments not normally included among 
fission products. Such elements are 
made articificially radioactive in a 
nuclear reactor by exposure to neu- 
trons. 

Radioisotopes of either type used 
as a heat source must be selected 
judiciously on the basis of several 
criteria: power density, safety, ra- 
dioactive half-life, cost, and avail- 
ability. Power density (watts per 
gram), for instance, is used to com- 
pute the maximum temperature that 
may be achieved by the heat source. 

This operating temperature is 
very important in determining effi- 
ciency of the energy conversion de- 
vice employed since no heat engine 


INDUSTRIAL RESEARCH—OCT, 1961 





between two given tem small heat source, the fuel must obtained at temperatures up _ to 

can be more efficient than ve a power density in excess of about 1000 F, at which point today’s 
rfectly reversible engine oper | watt per gram thermoelectric materials themselves 
between the same tempera Having selected a safe, small, become limiting. High-temperature 
the Carnot theoren intense heat source of radioactive materials probably can be devel 
Avoiding external radiation material, let us examine the two oped in the future to yield efficien 
direct conversion systems em cies as high as 15%,. These efficien 


oO 


gamn lation 1s pene 
harmful 
i-emitting he: a twles 
ret 4 ss Low-temperature converters steam plants generating electricity 
hielded with lead The SNAP-1A unit mentioned 


earlier was developed to provide 


ployed: thermoelectric and thermi cies may be compared with the 30 
onic conversion to 35% efficiency of conventional 


is both to per The conversion of heat produced 
tive electrical is a problem quite independent of 

or film. This external the radioactive fuel. For devices 
problem may be avoided operating in the range of one to 


se of an alpha emitter a several hundred watts, direct con 


electricity for space applications 
such as the Discoverer-type satel 
lite. SNAP-1A employs the radio 
isotope cerium-144, a fission product 
whose initial thermal output of 
6500 watts will decay to the 2500 
watts necessary to deliver 125 watts 
of electricity after one year in space 

The time-predictable excess heat 
of radioisotope decay is radiated to 
space by a shutter control system 
during the first year to maintain 
constant power output. SNAP-1A 
has a flyaway weight (‘the liquid 
mercury shield is drained prior to 
launching) of less than 200 Ibs, is 
designed to endure the rigors of 
rocket-booster launching without 
system failure, and will deliver more 
than a million watt-hours of elec 


active source material version is accomplished most effi 
ire particularly ciently and conveniently by the 
ingested into the body. For thermoelectric method See “Ther 
theretore it IS Imperative moetectricily page 28 The prin 
ilpha-emitting fuel be an in ciple involved is that upon which 
soluble chemical compound and the bimetallic thermocouple was 
hat containment of this material devised. In 1821, T. J. Seebeck 
permanent to preclude disperse discovered the phenomenon that 
nent in our environment irises when two dissimilar metals 
Isotopes produced by reactor ir ire joined in a closed loop and one 
diation, particularly alpha emit metallic junction is heated with re 
offer higher power densities spect to the other. The result is a 
igher operating temperatures, and small voltage between the two junc 
reduced shielding requirements. Ex tions, accompanied by a flow of 
ve examination of available electrical current 
nitters shows that three of The discovery and improvement 


outstanding merit as of semiconductors is responsible for trical power in one year. Approxi 


mately 37 tons of nickel-cadmium 
batteries would be required to de 


hese appear in the the current prominence of thermo 

below with several other im electric conversion. With today’s 
nt isotopes whose character semiconductor materials (such as liver an equivalent amount of power 
; a 7 « < . - 


While silicon solar cells are in 


ire noted lead telluride) for a pair of “posi 


wide use today for space applica 
RADIOISOTOPE HEAT SOURCES tions, they are vulnerable to radia 


Attainable tion and 
Thermal : 
Fuel Power Estimated Cost and require precise orientation in 
Compound (watts (dollars per watt) < , . ve Tr » ficiencie 
Half-Life Form pergram) Current Projected pace to achieve rated efficiencies 


High-efficiency solar cells (i102 


micrometeorite damage, 





Te) \ ¢ 4 $300 . 
: d a Po 142 , ; are costly, their efficiency decreases 
62 days ('m,O0 120 45 


with increasing temperature, and 

Put 0.55 1600 : ; 

Co 0 30 60 substantial losses occur in their 

electrical collection networks. For 

143 many missions including those 

where the power unit is exposed to 

a short period of sunlight solar 
cells are not considered desirable 





More heat, more pow 


A second de - for direct con 
version the ther nic converter 
or generator—is similai to a vac 

sion product iv ind “negative thermoele uum diode in that it consists of an 

uch short half ments, a 700 F temperature differ inode and a cathode enclosed in an 

iseless. (. ential will produce about 0.1 to 0.2 evacuated = space See “Therm 
f-lif volt and will allow a current of one onics, page 50 


impere to flow. For comparison Thermionic generators become 

conventional bimetallic thermo more efficient as their operating 

couple will produce a few millivolts temperatures increase. The prac 

ind negligible current under the tical operating temperature range of 

ime temperature conditions thermionic isotopic power systems 

Radioisotope auxiliary power begins where today’s thermoelectric 

generators being built today usually generator temperature range ends 

ire con employ thermoelectric conversion Thermionic converters are capable 

for direct svstems since their performance is of achieving 15 to 20% efficiencies 

ichieve the reasonably well advanced. Accept at relatively high heat source and 
suitably ible efficiencies of 5 to 6% may be radiator temperatures 
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Space uses demand high temper- 
atures to achieve efficient heat re 
jection by radiation. Therefore, 
thermoelectric converters appear to 
be inherently inferior to thermionic 
converters with respect to both max- 
imum efficiency and power-to-weight 
ratio (watts per pound). 

Since 1958, the AEC Missiles 
Project Branch has sponsored work 
on isotopically fueled thermionic 
generators. Thermo Electron Engin- 
eering Co., Waltham, Mass., has 
been the subcontractor for the 
thermionic portion of the device. 
This work has included dynamic 
testing of electrically heated (sim- 
ulated isotope heat) generators and 
presently is directed toward a curi- 
um-242 unit producing eight to 10 
watts of power for space use. Curi- 
um-242, with its high power density 
(120 watts per gram), is required 
to achieve the high emitter temper- 
ature necessary. 

Close-spaced diodes—the spacing 
is 0.0004 in.—are employed to 
minimize inefficiency arising from 
the electrical space-charge phenom- 
enon encountered between the 
cathode and anode. Close-spaced di- 
odes operate with an emitter tem- 
perature of 2200 F and above, and 
efficiencies of 5 to 7% are presently 
available. Power densities of one 
to two watts per square centimeter 
of emitter area are possible. They 
reflect the compactness and high 
power-to-weight ratio inherent in 
this type of converter 

The first prototype close-spaced 
thermionic generator employed a 
simulated radioisotope heat source 
to permit thorough performance 
testing. It is a single-stage vacuum 
diode with an oversized spacing of 
0.001 in. which, at its 1400 K oper 
ating temperature, limits its output 
to slightly more than a half watt per 
pound at 1% efficiency 

This prototype, still operating 
satisfactorily after 2100 hours at 
1400 K, is the forerunner of radio- 
isotope-heated devices which will 
produce 15 to 20 watts per pound 
at efficiencies of about 10%. 

Radioisotope-fueled thermionic 


Actively associated with the atomic 
energy industry for 17 years, 

Dr. Charles E. Crompton was 

a member of the plutonium research 
team at the University 

of California in 1943. A physical 
chemist by background, he 
completed his doctoral work after 
wartime service with 

the Manhattan Project. He was 
deputy director of the AEC 
Isotopes Div. for several years. 


generators hold tremendous promise 
for future space applications. To 
realize this potential, it is necessary 
to utilize substantial quantities of 
high power-density alpha-emitting 
radioisotopes such as curium-242 
and plutonium-238. Unfortunately, 
however, these rare isotopes have 
not been produced in greater than 
research quantities by the AEC; 
hence neither a supply nor a proc- 
essing facility exists to meet this 
need. 

Reflecting industry’s confidence 
in the use of such radioisotopes as 
heat sources for auxiliary power sys- 
tems, Martin recently constructed a 
heavy elements processing facility 
at Baltimore for processing amer- 
icium-241 into suitable irradiation 
targets required for the production 
of curium-242 in a nuclear reactor. 
The Martin hot cell facility to ac- 
complish separation of curium from 
the irradiated targets is located at 
Quehanna, Pa. 

The logistics of many present 
auxiliary power applications lead to 
high costs due to refueling with con- 
ventional fuel or to maintenance 
and equipment replacement. Under 
such circumstances, isotopic power 
systems offer a singular advantage. 

An exhaustive safety and hazards 
evaluation study accompanied 
development of radioisotope-fueled 
power sources. For example, basic 
to strontium-90 systems was the 
development of an unusually inert 
chemical compound of strontium 
having a high melting point, an 
acceptable high power density, and 
good thermal conductivity, while at 
the same time being extremely in- 
soluble in fresh and sea water. After 
testing many materials, the unusu- 
ally attractive properties of stron- 
tium titanate were found to meet 
these stringent criteria. 

Radioactive strontium-90 was em- 
ployed in tracer amounts to study 
and determine the precise solubility 
of strontium titanate in sea water. 
Because of the combined effect of 
natural radioactive decay of stron- 
tium-90 and the extremely slow rate 
of solution of this titanate com- 
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rare earths, 


thorium 
and 


yttrium 
in 
ENERGY 
CONVERSION 


For both your research and production in- 
volving rare earth materials, be sure to con- 
sider LINDSAY materials. They are the 
standards of excellence in the rare earth 
field, with more than sixty years of research 
and production background. More than 200 
LINDSAY products are available for delivery 
off the shelf or on special order. 

Purities range from crude mixtures of rare 
earths to extremely highly purified separated 
individual rare earth and yttrium materials. 
Technical skills at our laboratories enable us 
to produce “impossible” purities where 
required. 

Forms vary from simple salts to individual 
metals. In many cases, a wide purity range 
is available to give you the most economical 
selection of material for the job to be done. 

Since we probably will not know specifi- 
cally what you have in mind, we suggest that 
when you write us for additional information, 
you tell us the types of materials you are 
thinking about and something about your ap- 
plication. In this way, we can do our best to 
suggest the right kind of material for your 
needs. The experience and capabilities of our 
technical staff are available if necessary to 
help you on specific problems. 


LINDSAY +» 


RARE EARTHS, THORIUM and YTTRIUM 
are products of 


American Potash & 
Chemical Corporation 


Market Development Department 
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99 Park Avenue, New York 16, N.Y. 
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3000 West Sixth St., Los Angeles 54, Calif 
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a preview of 
significant developments 
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“SOP NATIONAL ELECTRONICS 
CONFERENCE & EXHIBITION 


> A Full 3-Day Program 
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fe Over 400 Electronic Exhibits 
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** 400 Technical Papers 
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EXHIBITS TECHNICAL SESSIONS 


Over 400 electronic exhibits including Mili- Approximately 100 technical papers will be 
tary and Government agency special space presented during: the three day Conference, 
ence exhibits. The Nation’s leading elec- offering opportunity for engineers and man- 
firms will display their latest prod- agement to keep abreast of the latest elec- 

| sessions will be presented tronic developments. Increased percentage of 

ecture rooms located immediately adjacent tutorial type papers with special emphasis on 

+} ‘ 


exhibits at the Amphitheatre.) computer theory, and application. 
Exhibit Hours Special 3 Day Computer Lecture Series. Complete with 
October 9 and 10: 10:00 A.M.-9:00 P.M. demonstration equipment. 
October 11: 10:00 A.M.-6:00 P.M 
Technical Sessions: Begin 10:00 A.M. 
FREE! Continuous Shuttle Bus service bet 
12 000 engineers, scientists, the Hotel Sherman. ( hicago loop and 
and representative 


ves 


of mancaemen International Amphitheatre with stops 
LaSalle Hotel and Pick Congress. 


NATIONAL ELECTRONICS CONFERENCE, INC. 


22SBNORTH LA SALLE STREET e@ CHICAGO 1, ILLINOIS @ Phone FRanklin 2-0190 





pound (1.5 micrograms per day pet 
square centimeter of pellet surface 

i maximum of 0.5% of the total 
strontium-90 would exist in soluble 
form in sea water, and this would be 
ichieved 40 years after immersion 
Five-century resistance 


To prevent even this condition 
from being realized, a containment 
or encapsulating material that 
would withstand corrosive attack by 
sea water was sought. Hastelloy C, 
an alloy produced by Haynes Stel 
lite Co., Div. of Union Carbide 
Corp. has been tested for more 
than 10 years at Wrightsville Beach 
Testing Station, N.C., and is known 
to be consumed at the rate of 0.0001 
in. per year. Therefore, a capsule of 
Hastelloy C with walls one-quarte 
inch thick was employed to contain 
the strontium-90 fuel pellets. A cap 
sule of this thickness is considered 
to withstand sea water corrosion for 
at least five centuries 

Under a general safety evaluation 
program for all types of isotope 
fueled generators, exhaustive tests 
were carried out to demonstrate 
physical strengths of various clad 
ding and capsule materials and the 
completely assembled thermoelec 
tric generator 

The test capsule was heated to its 
typical operating temperature (ap 
proximately 1000 F) and then was 
accelerated to 500 ft per second by 
a rocket sled, whereupon it was im 
pacted against a granite slab. As 
sembled generators were similarly 
impact-tested at 500 ft per second 
Having withstood this test without 
failure, the radioisotope capsule 
next was subjected to fire and ex 
plosion hazards in tests designed to 
simulate space missile accidents 
Baptism of fire 

To simulate explosion of the 
booster propellant in a missile 
launch-stand failure, 1650 Ibs of 
TNT was detonated. While the gen 
erator assembly did not survive 
these tests, of course, the radioac 
tive fuel capsule did survive without 
rupture or leakage of its contents 

In view of the great potential ad 
vantage and versatility of radioiso 
tope-powered auxiliary power sys 
tems, it is not surprising to find such 
an impressive amount of research, 
engineering design, and analysis de 
voted to the safety, performance, 
and reliability of these devices 
Small, efficient, silent power sources 
are available for remote, unattended 
operation at costs competitive with 
existing power supplies having less 
desirable attributes. Improvements 
in the technology of this new field 
are expected to decrease power costs 
further « 


Florida 
means 


BUSINESS... 


8 


FLORIDA'S ASSURANCE POLICY <~- hal 


““You have my personal assurance of a sunny business climate 
here in Florida. You have positive assurance of every aid and 
assistance possible from our Florida Development Commis- 
sion and from the overwhelming majority of our businessmen, 
industrialists, and financiers. We have everything to make your 
large and small enterprise healthy and successful. Write, wire 
or phone us TODAY. The only thing better than a FLORIDA 
vacation is having your plant here.” 


- Governor 
State of Florida 
INVESTIGATE DEBT-FREE 


..-A 10 BILLION DOLLAR MARKET 
a A Se. Sir. SF 0 OO Se a 
Mr. Wendell Jarrard, Chairman 
FLORIDA DEVELOPMENT COMMISSION | 
Box 4114A, Tallahassee, Florida | 


Please send me “Plant Location Guide,” containing =| 
all the facts about FLORIDA’S opportunities for 
New Industry, the 10 BILLION DOLLAR CON- 
SUMER MARKET, Labor, Climate, Schools, 
Natural Resources, Favorable Tax Structure. 


Firm Name 


Address 


Ask about free film | 7 - 
"Profile of Progress” City Zone...... State... I 
~~ FLORIDA FOR CONVENTIONS — Write for free information 

on Florida's wonderful facilities for your group meeting 
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Position open 


VICE-PRESIDENT, 
ENGINEERING 


Major corporation requires a vice- 
president to administer the engineering, 
development, and production activities of 
a recently acquired division. 

Must have demonstrable record of 
ability in engineering, administration, 
and liaison with top management. Duties 
require knowledge and experience in 
electrical, hydraulic, mechanical, and 
electronic products. We are located in 
a pleasant town of 30,000 population 
within an hour's drive of a major city. 
Salary range $20,000 to $25,000. Re- 
plies will be held in strictest confidence. 

Box 201, Industrial Research, Beverly 
Shores, Ind. 











Position wanted 


ENGINEER 
ENTREPRENEUR 


Technical innovator with experience in 
foreseeing market potential in technical 
developments. Appreciation of economic 
value backed by scientific training plus 
extensive engineering experience. Out- 
look is international in scope. Skilled as 
a team builder; emphasizes goal-orien- 
tation and technical feasibility. Best 
contribution would derive from strong 
experience in liaison, contact, and coor- 
dination gained from current employment 
in development laboratory of leading U.S. 
manufacturer. 

Box 207, Industrial Research, Beverly 
Shores, Ind. 
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Positions wanted 


DIRECTOR OF ENGINEERING—BSME, grad 
uate study and 19 years of professional experience 
Intensive background in creative and administrative 
engineering areas for the past 10 years. Broad technical 
coverage in mechanical, plastic, rocket, and ballistic 
systems and components for aerospace. Ability to sell 
ideas in reports and direct presentation. Knowledgeable 
in sales, costing, manufacturing, and quality control 

Box 202, Industrial Research, Beverly Shores, Ind 


DIRECTOR OF R&D Chemical engineer with 
MS from Eastern university with 14 years varied and 
successful experience in R&D and project administra 
tion relating to the development of instrumentation 
for analysis and process control. Broad interests and 
talents. Record of accomplishment indicates readiness 
to assume direction of research program for chemical 
or instrumentation company. Married, age 38, will 
relocate. 

Box 203, Industrial Research, Beverly Shores, Ind 


EXECUTIVE ASSISTANT TO PRESIDENT 
Are you looking for someone to lighten your work load, 
with skill and imagination? I can take charge of the 
administrative details of your office, provide coordina 
tion and follow-up in the implementation of plans and 
programs ...or oversee the formulation and execution 
of advertising and promotion plans and programs. I am 
now the director of advertising with one of America’s 
top corporations, primarily involved in _ nucleonics, 
electronics, aerospace, etc. College degree, under 40, 
married, veteran, non-reservist, have “secret” clearance. 

Box 205, Industrial Research, Beverly Shores, Ind 


RESEARCH DIRECTOR of medium-size electrical 
manufacturing company finds advancement blocked by 
nepotism. Has solid engineering background in elec- 
trical, mechanical, optical, and management areas 
Proven history as an “idea” man. Age 45, BSEF, 
currently at $25,000 plus. Prefer midwest location, but 
might consider California 

Box 206, Industrial Research, Beverly Shores, Ind 


Positions open 


DATA HANDLING ENGINEERS — Grow with 
Leeds & Northrup Co., pioneers in precision. We need 
qualified senior engineers to assist L&N’s able staff in 
the development engineering and marketing of LN3000 
computer control systems for industrial processes in 
the power, petro-chemical, steel, and ceramic industries 
BS or MS, preferably in electrical engineering, re 
quired, PLUS four to six years’ design, development, 
or sales experience on data handling circuits incorpo- 
rating digital computer techniques. An Equal Oppor- 
tunity Employer. 

Send complete resumés to: Wayne L. Besselman, 
Coordinator of Technical Employment, Leeds & 
Northrup Co., 4850 Stenton Av., Philadelphia 44, Pa 


MANAGEMENT-ORIENTED DESIGN/ENGI- 
NEERS—Challenging, responsible positions in expand 
ing product development firm open to self-starting, 
creative engineers. Require men capable of active de- 
sign work with the ability to communicate with top 
management. Optional stock purchase plan. 

Norland Associates Inc., Fort Atkinson, Wisc. 





Looking for 
a job? 


NOW THAT Industrial Research is pub- 
lished monthly, it is in a position to fill 
an important void in the services avail- 
able to you—an employment opportunity 
section that directly recognizes your 
unique role as a member of technical 
management. 

The Employment Clearinghouse sec- 
tion, the first of which is presented here, 
recognizes that technical managers both 
hire high-level technical men, and on 
occasion are themselves interested in 
changing positions. 

As you will note, messages for posi- 
tions-open are placed adjacent to posi- 
tion-wanted resumes. Thus, the section 
exposes technical management to tech- 
nical management, thereby providing 
the only service of its kind. 

Because Industrial Research is read 
and used exclusively by technical man- 
agement—who may be seeking your 
qualifications or available positions — 
you will receive an unusually high ex- 
posure to your message at nominal cost. 
The circulation of Industrial Research, 
now over 50,000, represents virtually all 
technical management in the United 
States. 

An important aspect of the I*-R Em- 
ployment Clearinghouse is the fact that 
Industrial Research magazine covers all 
technological fields. Thus, overlapping 
disciplines can be advertised correctly. 
For instance, chemical management will 
receive inquiries from the chemical, 
aerospace, metallurgical, and related 
fields; electronics instrumentation man- 
agers will evoke response from the 
metallurgical field, etc. 

CLASSIFIED RATES for this section 
are 50 cents per word, minimum 50 
words. Count box numbers as six words. 
Closing date for both position-wanted and 
position-open classified ads to appear 
in the next, November, issue is Oct. 1. 
Checks must accompany insertions. 

(Display ads also may be positioned in 
this section at regular display rates. For 
a rate and data card, write the Advertis- 
ing Dept., Industrial Research, Beverly 
Shores, Ind., or call any of our sales 
offices listed on page 88.) . 











‘and scientists 
fat is making 


Since 1956 THERMO ELECTRON has pioneered in the development 
of thermionic energy converters. Today as thermionics becomes of 
age, THERMO ELECTRON is a leader in the development of thermionic 
power systems. Typical of the programs being carried out for military 
and peactime applications are: 
A 250-watt solar thermionic generator for Aeronautical Systems 
Command for space applications. ASC chose the team of Thermo 
Electron and Thompson Ramo Wooldridge Inc. TRW provides the 
system's management and Thermo Electron is developing the 
thermionic generator. 
tsotopic-fueled thermionic generator — The Martin Company 
selected Thermo Electron to develop this generator which holds 
promise for applications in space, navigational aids, and 
remote sites. 
A 200-watt gas-heated thermionic generator — the American Gas 
Association selected Thermo Electron to develop a gas-fired 
thermionic generator for use in commercial appliances and 
military and industrial field applications. 


These exciting and advanced programs offer challenging opportunities to qualified 
scientific and engineering personnel. We have immediate openings for scientists 
and engineers with experience in high temperature material research, vacuum 
technology and plasma physics. For further information regarding your interest 
in thermionics, contact Mr. Lawrence T. Sullivan, TWinbrook 4-8700. 


All qualified applicants will receive consideration for employment without 
regard to race, creed, color or national origin. 











THERMO ELECTRON 
ENGINEERING CORPORATION 


6s FIRST AVENUE WALTHAM 54 . MASS. 





LEADERS tN THERMIONIC ENERGY CONVERSION 
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CHECKLIST FOR MORE INFORMATION 


NEW PRODUCTS 

POWER TRANSISTORS with a 
greater derating margin have been de 
veloped for higher circuit reliability 
Low saturation resistance and high 
dissipation rating characteristics pro 
vide cooler operation and increased 
safety in service. For additional infor 
mation, write: Dept. SC-1042, West 
inghouse Electric Corp., 
tor Dept 


Semiconduc 
Youngwood, Pa 


SPECTROPHOTOMETERS pro 
viding high-speed, high-precision re 
cording of transmittance, linear ab 
sorbance and emission, and an optional 
gage for rapid direct readings are now 
available. Write for spectrophotometer 
catalog D-2009 and or booklet D-2019, 
or optical gage catalog D-285, to 
Bausch & Lomb Inc., 93021 Batsch St., 
Rochester 2, N.Y 


SOLID STATE BATTERIES, nu 
clear power packs, and nuclear timers 
are among the new energy conversion 
devices now available for industrial 
application. For a brochure on energy 
conversion techniques, including fuel 
cell developments, write to: Dept. 51, 
Leesona Moos Laboratories, 90-28 Van 
Wyck Expwy, Jamaica 18, N.Y 


OSCILLOSCOPES WITH 5-in 
cathode ray tubes that require only 
7 in. of standard rack height are now 
available for laboratory use. For addi 
tional information write to: Tektronix 
Inc., P.O. Box 500, Beaverton, Ore 


F LUOROHALOCARBON FILM 
with low moisture vapor transmission, 
transparency, and impact strength has 
been developed for packaging elec 
tronic and other delicate mechanical 
equipment drugs, and 
chemicals. Write for new brochure 
Allied Chemical Corp., Dept. 61-IR, 
New York 6 


IONIZATION TRANSDUCER 
devices that are capable of measuring 
the volume of a pulse beat or the 
weight of a breath are now available 
For application information, write to 
The Decker Corp., Bala-Cynwyd, Pa 


components, 


61 Broadway 


SPECIALIZED VACUUM gages 
in Pyrex and Nonex glass and Kovar 
envelopes and tubulation are offered 
for application in industrial processing 
systems, laboratory, and research work 
Write to: Westinghouse Electric Corp 
Elmira, N.Y 


RARE EARTH PURITIES, nor 
mally considered impossible, can be 
achieved for special application in 
energy conversion. For additional in 
formation, write to: American Potash 
& Chemical Corp., Market Develop 
ment Dept 3000 W. 6th Av., New 
York 16 
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DOCUMENT PRODUCTION in 
volume is possible with high-speed, 
reliable line printing systems for data 
processing. Further information is 
available by writing to: Anelex Corp., 
159 Causeway St., Boston 14 

INDUCTION HEATING UNITS 
that permit heating of metallic and 
cermet materials to constant and vary 
ing temperatures while under stress 
have been developed. Write for cata 
log to: Lepel High Frequency Labs 
Inc., 55th St. & 37th Av., Woodside 
77, N.Y 

COLOR CHANGING PAINT that 
indicates surface temperature and 
thermal distribution has been devel 
oped for applications ranging from 
miniature circuitry to large surface 
areas. Write to: Princeton Div., Curt 
iss-Wright Corp., Princeton, N.J 


IONIZATION GAGE tubes with 
three filaments for extended life and 
reduced down time are available for 
vacuum measurement applications 
Write to: Hughes Vacuum Tube Prod 
ucts Div., 2020 Short St., Oceanside 
Calif 

SODIUM BOROHYDRIDE, lith 
ium aluminum hydride, and calcium 
hydride can be used as built-in gener 
ators of hydrogen. For application 
information, write to: Metal Hydrides 
Inc., 901 Congress St., Beverly, Mass 


PRECISE ATMOSPHERIC CON 
DITIONING in testing laboratories, 
clean rooms, or processing of hygro 
scopic materials now is possible. Write 
for bulletins 58 and 122, Niagara 
Blower Co., Dept IH-10, 4005 Lex 
ington Av., New York 17 


SYRINGES with fitted stainless 
stee! plungers have been developed for 
precision analysis. For free literature, 
write to: Hamilton Co. Inc., P.O. Box 
307-D, Whittier, Calif 


PUMPS that move corrosive 
liquids, pump two or three different 
liquids simultaneously, and feed and 
mix are available in a range of sizes 
and capacities. Write to: Sigmamotor 
Inc., 94 N. Main St., Middleport, N.Y 


NEW IDEAS 

BUSINESS LOCATIONS in an 
area with a sunny climate and a 
$10-billion market are available. Write 
to: Mr. Wendell Jarrad, Chairman, 
Florida Development Com., Box 
411 4A. Tallahassee 


FRESH APPROACH to product 
and market development for the con 
struction industry is available to in 
dividual firms. Write for information 
to: Dept. 30, The Cerand Corp., 285 
Columbus Av., Boston 16 


A SINGLE SYSTEM for mass 
data transportation carries telephone, 
teletype, video, business data, and 
supervisory and control instructions 
to distant points the moment they are 
sent. For additional information, write 
to: Lenkurt Electric Co. Inc., San 
Carlos, Calif. 


PLATINUM METAL alloy elec 
trodes used in aircraft spark plugs can 
withstand rapid, repeated heating and 
cooling with engine cycles for trouble 
free service. For new commercial and 
scientific platinum alloy application 
ideas, write to: Platinum Metals Div., 
The International Nickel Co. Inc., 67 
Wall St., New York 5 


} ADVANCED RESEARCH serv 
ices and facilities are available to in 
dustry. For detailed information write 
to: Greater San Antonio Development 
Committee, 153 R, Navarroo St., San 
Antonio, Tex 


EMPLOYMENT 

UNUSUAL OPPORTUNITIES 
for qualified scientists and engineers 
in advanced experimental program in 
magnetohydrodynamic (MHD) power 
generation. For details, write to Avco 


Corp., 750 Third Av., New York 17 


CHALLENGING R&D opportun 
ities with myriad problems in medical 
application of strain gages, special as 
semblies, and micrologic components 
are available to engineers with rele 
vant background. Write to: Fairchild 
Semiconductor Corp., a Div. of Fair 
child Camera & Instrument Corp., 545 
Whisman Rd., Mountain View, Calif 


SEMICONDUCTOR RESEARCH, 
logic and circuit design, component 
evaluation, technical writing, advanced 
electronic systems, systems reliability, 
and digital communications opportun 
ities are available. Write to: T. F 
Wade, Technical Placement, G-4, The 
National Cash Register Co., Main & 
K Sts., Dayton 9, O 


CREATIVE LEADERSHIP oppor 
tunities are open for qualified senior 
chemists and a senior physicist and 
engineer in thermionics, thermoelec 
trics, and fuel cell fundamental re 
search programs. For details, write to 
Mr. Newton, Personnel, Atomics In 
ternational, 8900 DeSoto Av., Canoga 
Park, Calif 


SCIENTISTS AND ENGINEERS 
with experience in high temperature 
material research, vacuum technology, 
and plasma physics are wanted. Write 
to: Mr. L. T. Sullivan, Thermo Elec 
tron Engineering Corp., 85 First Av., 
Waltham 54, Mass 


PHYSICISTS AND ENGINEERS 
are wanted for electrostatic technology 
and power conversion, electrical pro 
pulsion program, and solid state R&D 
Write in confidence to: G. R. Hamilton 
Jr., personnel director, Goodrich-High 
Voltage Astronautics Inc., P.O. Box 
98, Burlington, Mass 


(For more employment opportunities 
see page 8&4.) 





Were going to the 
NATIONAL METAL SHOW 


OCTOBER 23-27 


fel -Yer- RY: 


. we'll get ideas by the 
dozens. We'll get informa 
tion on how to improve 
production, cut costs 
stay ahead of competition 


...1 want to study the 

new advancements in pro- 

cessing, inspection and 

contro! equipment. All , 

under one roof at fabulous | ... the spectacular Ma- 

Cobo Hall. ‘ . terials Applications Cen- 

, . ter will be one of the 

great ‘eye-popping’, 
thought-stimulating ex 
hibits of the year 


... it’s a real chance to 
exchange views with lead- 
ers in the industry. For 
five days Detroit will be 
the Engineering Capital 
of the world. 


... everyone will broaden and up-date 
their knowledge of the metalworking 
industry . . . more than 300 educational 
exhibits and more than 200 technical 
papers fo SEE and HEAR 


Don’t ‘‘miss the boat’’. Make your reg- 
istration today. Organize a company 
group. For further information contact 
the ADVANCE REGISTRATION MANAGER, 
ASM Headquarters, Metals Park, Ohio 


HOW ABOUT ke 
YOU? ae) 


NATIONAL METAL SHOW - DETROIT - COBO HALL - OCT. 23-27 
SPONSORED BY AMERICAN SOCIETY FOR METALS * METALS PARK, O. 


10450-ASM 
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"pesojrue yey? YM ‘es0y ado4s ‘Buipjos sayy 


beside yourself 


because... 


your company is screaming for new 
applications, and 

you're fresh out of ideas, and 

you haven't been able to keep up with new 
developments, AND 

someone just walked off with the last 
available copy of Industrial Research? 


You can rid yourself of all these frustrations by 
subscribing for your own personal copy. 


Knowing and understanding new developments, 
new ideas, and new applications spells success 
in technical management, engineering, or re- 
search. And the key to this vital information is 
Industrial Research. 


Fill out the other side of this card and mail it, 
thereby guaranteeing continuous exposure to 
creative thinking. 

004 ‘e104 ajdo4s pun y2eY4> eso;2ug 


Se SBBRBBBBBBBBBR RRR REE EEE SE Ee 


v 
° 
Lol 
S 
a 

a 
° 
= 
oc 
® 

zc 
3, 
a. 
c 

3 


‘SSYOHS ATINHSZARS 

IVIULSOAAGUNI 
SOjDIS POUL, Sys U! Pajiow 4) AsDSse2e0u e6o\sod ou 
p4an> Ajdey sseursng 


VNVIONI 


TH “OOVSIHD 
ELIS “ON LIWN2d 
SSVI 1SUia 





COMING NEXT ISSUE 


GOVERNMENT 
RESEARCH 


INCLUDING: Can You Afford to have Govern- 
ment R&D Contracts?, The Spectrum Theory 
of Organizing Research, The Synthesis of Food, 
A New Dimension in Manufacturing, and The 


Evolutionary Cycle from Man to The Machine. 


Fold here, staple with check enclosed, and mail. 


(Or, if you want to be billed later, tear off this portion, and mail.) 
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Please enter a subscription to Industrial Research: 
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bill me later 


(COMPANY) 
(ADDRESS) 
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(Subscriptions solicited only from technical management men in industry and government.) 
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Enjay Butyl smooths the bounce out of bumps! 


greate) er, ozone and aging 
But " proved t } l) ption for sn tner rides; Butyl, there is new vii 
Buty! HT-10-66 (halogenatec 
neat resistance and 
res). In1 ibber, plastics, « lemical 
ind oil additives, chance 
Enjay has the product to solve you 
roblem. Write to us at 15 West 51st 
Street, New York 19, N. Y 


ENJAY CHEMICAL COMPANY 


A DIVISION OF HUMBLE OIL & REFINING COMPANY 














